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SMmilMNtAK lN!tfrtTUT10N,_ 

December / 5 , J0I5, 

To the Cofi^ress of the United Staten: 

In uoctinliiiice witli eectbn 5&f>3 of the Statut«a of Iho 

United States, I havs the lionor, in bchulf of tlie Boartl of 
tu submit to Congress the annual report of tlie operationf^ expendi¬ 
tures, and oonditiou of the Smithsonian Institution for the year end^ 
ing fFune 30,1915* 1 have the honor to he. 

Very respectfull}% your obetlient servant* 

CiiARixs D* WaijOOTT, Seereiary* 
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ANNUAL REPORT OF THE BOARD OF REGENTS OF THE SMITHSONIAN 
INSiTTUTiON FOR THE TEAR ENDING JUNE 80,1315. 


dUBJccni. 

1. jAiuiim] report of the secretnry, giving an account of the opera¬ 
tions tuid eonditiofl of the Institution for the year ending June Ml, 
1915, with fitatUtics of exchanges, etc* 

2* Report of the executive committee of the Board of Regents, 
exhibiting the financial affairs of the Institution, including a state¬ 
ment of the Smithsonian fund, and receipts and expenditures for the 
year ending June 30, 1015. 

3. Proceedings of the Board of Regents for the fiscal year ending 
June 30,1315. 

4, Genera! appendix, comprising a selection of miseellnneoiis mem¬ 
oirs of interest to collaborators and correspondents of the Institution* 
teachers, and others engaged in the promotion of knowledge. These 
memoirs relate chieOy to the calendar year 1915. 
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REPORT 

OF THK 

SECRETARY OF THE SMITHSONIAN INSTITUTION 

CHARLES D- WALCOTT 
FOR nm YEAR EPJDIhK^ JUNE /Wi 

To lAo /hard of R€ffent^ of MS^/iUfistonmn InHitution' 

GenTLET iitEN; I hiwo tlie lionar to submH her^wItU tlie fttuiiml 
re[x>r£ on Ihii dperations ot the Smitlisoniiui Institution imd 
branches during the fiscal j&nr ending June 30^ lDlS>j including work 
placed by Congrass under the direction of the Board of Regents in 
the United States Nutiona! Muslim, tlie Bureau of Aniericun Etlt- 
nology^ the International Exchungcsi the NatioiiQl Ztxjlogjcal Park, 
tlio jUititiphysteal Observatory, ntid the United States Btirmn of 
the Internutjonul Catalogue of Scientific Liteniture- 

Tlie general report reviews tbe affairs of the Institution proper 
and briefly sununarbfies the operations of its several branches, while 
the appendices contain detailed reports by the assistant Bccrvtary 
and others directly in charge of various activities. The re^Kirts on 
operations of the Xational ^luseum and the Bureau of American 
KUinologj- will also be published m independent v olnmes, 

THE J4M1THSOXLVN IXSTITUTIOX* 

THf-: K^ABtAs^minvr, 

Tho Smithsonian Institution was created an estabikhmeni by act 
of Congre^ approved August 10, i&4G* Its statutory ntemliers are 
the President of the United States, the Vico President, the Oiief 
Justice, and the htnih of the executive departments. 

THK BOARD OF RKOriNTS. 

m 

The Board of Regents copsists of the Vice President nnd the 
Chief Justlco of the United States as ex officio members, three Mem- 
liers of tlie Senate, three Members of the Floiise of EepresentativeSj 
itnd six citizens^ “ two of whom shall be resident in tho city of Wash¬ 
ington and the other four shall be mhabitanta of some State, but no 
two of tliem of the same State.” 

Tn regard to the personnel of the board there were no changes 
during the fiscal year. The roll of Regents on June 30 was as fol¬ 
lows: Edward D. White, Chief Justice of the United States, Chaii- 
isai8^~sit 1 
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collor; Thomas U. Mar^hiilL Vico Prosidctit uf the Uniteil States; 
Henry Catiot Loilge, ^lem^jer of tho Senate: Henry French Hnllis, 
llemher of the Senate; William J. Stone. lfeml>er of the Senate: 
Scott Ferris, MemU'ir r^f the House of Rep resen tulive^; Enicst W. 
Roberts^ Meiuber of the House nf Ri^pre^ntutivea; Maurice Cod- 
nolly, foimer Memlier of the House! of Representatives; Antlrew D. 

citizen of New York; xlle^tander Graham Belb citizen of 
VVasluiifjton, D. C; George Grjiy, citizen of IH'hiware; Chnrles 
Choate, jr.^ citizen of ifassachusettE; John B. Tienilcrson, jr.. citizen 
of B*ashington^ D, C*; and Charles \V. Fuirliank^, citis^cn of Indiana^ 
The Imnrfl held its annual meeting on December 10. IIH-I, The 
Hon. George Gray was on that date elected chaiiTcian of the e^erntive 
comuiittee to fill the Tacjiacy enngeil l>y the death of Senator Bacon 
on Fehiiiary 14, lOlL The proceed ings of t!ie above meeting, as also 
the nnniml linancial report of the executive corninittee* lyive tieen 
printtth as nsiiai, for the use of the Regents, while such iuiimrtanl 
tiiQttcrs acted upon as are of public interest iii-e re^dewecl iijulcr ap' 
propriate beads in the present report of llie Secretary. A detailed 
stuteiuent of disbursements from Governiiient appropriatiunst under 
the dji^eclirm of the lustitutinn for tJie maintenanre of the Natiimal 
^[uBetim. the National Zradogicjil Park, and other branches, w'ill l>e 
sidmiitte*] lo ('ongreas by the SetTciary in the titjual manner in com¬ 
pliance with the law. 

The permanent fund of the Institution and the aotjrces fmra wliich 
it was derived ure as follows: 

rtrpuMiUii xSf! Trm^wn/ of (he fjM((rif stJjU'M, 

of James Saittlutoa, ___ 

It^liluar:^ iPi^cy af Janu^ ^miUvioa, ISOT_ ___^ 

DcfMH^U of fsaTJn^ af laeome, _ 

neqtuwt of JanM» mrniUtan, ISTS_.. .. ^i.Dufi 

AcrttCiiulrLlaJ Intarcflt an itiuoJLtoa fttail, LiiS5__ 1, mO 

of Simeon Hnbek 1S8U _ ____ 

rK-potjUfi from turocwlFi of saJtf of \mnhi, ISSl__ __. 

out of Tlirmans <5. ncMjj^Lns. ___ _ _ 

Ihin of roKiUuitry of Thoami^ [lofigkli^s leo-i___ 

Dt-imU; from navlnj^s qf incame. 1130®.^_ _ __ 

Si-picr of *rhama^ G. iJKrr___ 

l>*poslt from ehvIdis of Income, , ___ _ 

Part qf of WUlJnm Jonc* Rlitt'A, lOia_ 

Dcpcwlt of prqei»>ila from solo af real estate (dft of EtoLvrt 

5>tncLtoa Avery__ _.... 

Ik'<iuj 0 $;t of AdnllBon T, RclU, 1014________ 

DeiHMlt of savUijp! from ineomo Awiy bcniiM, 1014_ 
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of (tom towme At-cry fund, __ tl, gQ2, <» 

of saving from liiccinic He^d tnml, _ _ 430, 04 

DopiHtit of belom‘0 vt priuolpQl ami Lm.^itL4? $2S,SiS» Khpca 

fund. Wl & _ _ — - --—----... 27flw 44 

C-k’iXK^t uf nr??t faiynkfot of Lucy T* and QtSifm W. Toorc 
fUhi!, lOliS —— ---- - 24 . 


TOUil of fund depo^tcfi In ih& UulL*d Trousui^__ B^^ OOO.UO 

Of Aci^ mowrm. 

HecJjftcrftt nni| tH3nH:I?? of ttio West EoHrund 

Co^ part of of Tltuiumfi Cr, Hodgkins (par viilue) . 42, OOO, i)0 


Totnl (tf'eniuncnt ____..... _ 1 , 1 ) 31 ), Ow, tO 


Tilt' first iDstuUnif^nl; to tlie Lucy T. ntid George W. Foore funtl, 
aiuuimCmfr io $31,534.9-2, was mjeived Jti March, 1D15, niii] Wjia ini- 
ouKlintiOy deposited in the United Statea Treasury to the ci ciiit of 
the permtmeni fund. Odier dejxksits to this fund during the year 
fv-ei-e from the income of several funds amounting to $3,505,08, or a 
gi'nnd total of $37,10<>, making a total non deposited in the Treasury 
to the crerlit of the permanent fund of $887,600. 

That part of the fund deposited in the Treasury of the United 
States bears interest at 6 per cent per annum, under the pro^-isione of 
the act organizing the Institution ond an act of Congress approved 
hfurch 12, 1994. The rate of interest nn the West Shore Railroad 
bonds is 4 per cent per annum. 

The income of the Institution daring the year, amnuntiiig to 
$112,635.90, was derived as follows: Interest on the permiiiient 
foundation, $59,320; contributions from various sources for specidc 
pm‘[m!)e$, $12,000; installment of a bequest known as the Lucy 
T, and (leorge W. Poore fund, amoiuiting to $24,&S4,!)2; the original 
beqtiest designste<l as the George IL Sanford fund of $1,020; the 
bolance of the William Jones Rhees fund, amounting to $248.05; and 
from other mi.scellaneou5 sources, $14,922.83; all of which was de¬ 
posited in the Treasury of tlic United States. 

With the habmee of $30,.'i60,l3 on .July 1,1914, the total resouri'CS 
for the tlscal 3*ear amounted to $142,596.03. The disbursements, 
which are given in detail in the nnmiet report of the executive com¬ 
mittee, amounted to $100,430.17, leaving a balance of $42,165.86 on 
deposit June 30,1915, in the United States Treasury add in cash. 

The Institution was charged by Congress with the disburseiiient 
of the following uppropriations for the year ending June 30,1915: 

lulOtmtloniil ___ __ 132 , IK® 

AtiRTfcmi Ethncilogy- --- -_^ ^ fXJfi 

AJrtrrophyslcnl Oljwtvnltiry.. . __ la. 00 (> 
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ANNUAL ftETOlir SMITHSONIAN INSTITUTION, UH5. 


Natlouni SIimmiiuj 

Furultuti' uoil - -- (25,000 

HMttlttf luuJ ItsLttUfc',, ------ -10.1100 

PteseftiitiJJn af to^lecileus ----- 3U0,000 

Books ___—^ — „. .— __ 2.000 

BostuK? _—________ 500 

BalMlig; repolm _____ _ ___ 10:, 000 

Bookstacks fur (jOvcmiDent bumu libnrla ___ 10.000 

Natlonnl 2oolO|iOtLl Burk _ _ _ 100, 000 

Intcrmitlonnl Catnluiniu of ScicatlGc Lllcmtare _____ T, 500 

Tanw telescope, Astropbrslcul Olinerviitory, Mount IVlUnP, Cnl. ., 2, 000 

Riipalr^, SmltliaoDlaD BnllcIlDg ____ - 10 , onO 


Totnl.^____—. = _____,_„ 008,000 

In iK^dttioti to tli^ nlxtvp specific amounts to Its ilisburectl 1iy the 


Institution there was induded under tlie general appropriation fnr 
pnblic printing and binding an allotment of $7C,20O, to corer the 
cost of printing iind binding the iiiuiual report and other Govem- 
mont publications isEiiGd bj the Institution, end to be disbursed by the 
Public Printer. 


EXrU.>ltATUiNS ,1ND REaEASiCHES. 

The " increase of knoTrledge " is one of the fundumenial objects of 
the Smithsonian Institution, and toward the uccomplishnient of that 
object it has inaugurated and maintained or has pariicipated in 
astroDomictd, anthropological, biological, and geological esplora* 
tions in eren' portion of the world, resulting in greatly increasing 
onr knowledge of the meteorology, the geography, the fauna and 
flora, and the ethnology of all lands, and in the iteqniaition of n large 
amount of ralunble material for the Xationul Museum. Tlie Insti* 
tut ion has likewise, through special grunts, aided laboratory re¬ 
searches in practically erery Ibe of natural science. The e-ttent of 
these oNplorations and researches during the last 60 years covcis a 
wide range, although a groat deal more of most iniportant work 
could have been accomplLshed had adequate funds been available^ 
Friends of the Institution have many times, and particularly during 
the last few years, generously aided the work through the contribu* 
tion of funds for specific purposes, but mudi yet remains undone, 
and opportunities for undertaking important lines of investigation 
an' constantly being lost through lack of means to carry them into 

I will here allude only briefly to some of the acti vities of the Insti¬ 
tution in these directions during the year and for details of other 
investigations may refer to the appendices containing the repoits 
of those directly b chm-ge of the several branches of the limitntion. 















fi£PO£T OF TflE SECBETABV. 


5 


OBOWXJJCAL EXrUOFATIONJl JS THE IDOCKY MOUNTAINS. 

In ooatmiintion of my previous geological resenrchos in the Rooky 
Mountaias of Canada anti ]!tIontaiia I spent a week during tlic field 
season of 1514 at Glacier, British Columbia, where 1 assistiH] Mrs. 
"VValcott (tife Maiy JI, Vans) in measuring the flow of the Illtcille- 
waet and Asuikan Olaciei's: 

From Glacier we proceeded to White Sulphur Springs. Mnnt., 
for the purpose of stttdying the ancient eedi meat ary pre*l’nieostoic 
rocks of the Big Belt Mountains. These esplorations were made on 
the eiutem and southern slopes of this range, ami then extended to 
the south on the Gallatin, Madison, and tlcffcrson Rivers. 

It was found that the pre-Falcozoic sedimentary rocks were ex¬ 
posed by the uplift of the granite mass formiog the summit of 
Mount Edith of the Big Bolt Mountains in such a way that the 
thickness of tiie sandstones, limestones, and shales could Iw readily 
mcasuml in tlie numerous sections exposed in the canyons worn by 
waters descending from the higher points to the vallc}'' surroimding 
the range. Xearly miles in thtdeneae of rock were measured, and 
in the limestone t^lts reefs of fossil algal remains were studied and 
largo collediowt made witll the assistance of iL-st Walcott and 
Charles E, Re^r and sent oti to Washington. 

It was ftniiid that the algal remains were deposited very tmich 
in the same miuiner as those that are now being deposited In many 
fresh'Wiiter lakes, and that many of the forma had a surprising simi¬ 
larity to those being deposited in the thernml springN and pools of 
the Yellow stone Xationul Park. 

In the lower portion of Deep Creek Canyon, southeast of the city 
of Helena, a deposit of siliceous shale was examined where some 
years ago I had discoTered the remains of crablike flniTnela suggest¬ 
ing in form the freali-water crayfishes found in the stre^mrs and ponds 
all over the world. These fossils are the oldest animal remains now 
known, and the nlg,il deposits which occur at intervals for several 
thousand feet below the shales containing the crustaceans are the 
oldest authentic vegetable remaiDS. It is also nmst interesting that 
two types of bacteria have been found in a fossil state in the rock 
in association with the alga) remains, 

On the north side of the GaUatin River two very rich beds of 
algnl remains were found, many of which, on account of the fossil 
being silldficd and embedded in a softer Limestone, were weatlicrcd 
out in relief. 

For tlio season of 1915 I have planned some investigations in the 
Yellowstone Park in order to Ik* able to better interpiiet the fossil 
algal remuius found iu und about the Big Belt Mountains. 


6 AlfifUAl. aEtOET FMlTHeOHUM TTfSTTrUTtOX, IMS. 

!!1*IIAl'JO]LVi'mC (frUPlES IN CENTRAL TEN'NEaSE£. 

Under the joint nuspiccs of the ITtiilod States Geological Siiirey 
and the United States Xatioiial Museum Dr, E, O. Ulrich and Dr. 
K. S. Bassler, of the j^fuseunit were engageil fur several 'weeks Jur* 
ing the summer of 1014 in a study of debated points in the stratig¬ 
raphy of tlic Centml Basin of Tennessee with a view to determine 
utKiiratdy the division line between the Chaayan and Black River 
groups: and to seen re additional information on the black shale 
problem. 

Tlie well-known marble lieds of east Tennessee and associated 
shales and sandstones of Upper Cbazyan age, with a thickness of 
over 3,000 feet, have never Ijeen found in centnd Tennessee or, in 
fact, in any area 'west of the Appaluchiim Valley. Tlie first problem 
was therefore to detenuine either tho correspouditiLg locks in (he 
more western areas or. if such strata were ivnnting, to differ the 
unconformity iTpresanting this great tliic!int»5. It was foajul that 
tho lAtwer Cliasiyaii or Stoiiea River rocks of central Tennessee are 
succeeded direcily by the lowest Black River or Ijowville formation, 
utid central Tennessee therefore was presumably a land area during 
tile time of de[>cisitiou of the celebrated cast Tennessee marbles. 

The secocid pn.ib]em entailed further work on the dctcnniueiliun of 
tlie age of the widespread Chattaiioogti black sliule, which previously 
had Ijwh coivsidered to be middle to late Devonian. In recent yeawt 
this ^leterrainaticFn hud lieen ijuestloned, and facte liaii! accumulated 
showitig it to be of younger age. Two fentnres of eonsidernble sig- 
uificnnce io this problem were the discoveries in northern Tennessee, 
where the shale is well exposetl, that (I Uhls black slmle passes with¬ 
out n discernible iireali into tlie overlying Mississipinon (Kinder- 
hnok) shales, and (2) that the fossils of tiia overlying shale are of 
late iti^ead of early Kinderhook age. As a result of this work good 
coliecliojLs of several well-preserved faunas were added to the Mu¬ 
seum collection. 

FOSSIL EClltXOOSKlia [N W'rjiT(!US NEW TURK. 

Field work carried on dui mg the summer of 1914 under the super¬ 
vision of Mr. Frank Springer, for the purpose of fldJbg to the 
Springer collection of fossil echliiodemis in the Miiseum, was devoted 
mninly to a careful examlnntion of Silurinn rocks exposed along tlie 
new Erie Canal in western New York, especiallv t!ie waste material 
thrown out in excavations for the canal, 'Die most vfilijuhle sijcei 
mens from tlds part of New York ocenr in tlm Rochester slmles of 
Niugarnn age, which weather rapidly into mud upon exposure 
to the elements, nml it was therefore necessary that the new outcrops 
k‘ exammed at mice to secure the best results'. Ntimeroms specimens 
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of crinoi^Is and cys^ttds ys^re founclt n tiumlfccr of them having^ as is 
rarelj the etem^ and cro^MX i>re^?i?rved. 

VEllTSJJliATK I^OetfU^^ IN MONTANA. 

Tliroiigli conperation with out) ui tlic field parties of the United 
Statea fieolagical Survey^ Mr, Charles \V\ (Hlmore^ of tlie Xatiooal 
Aliiscnm, speot three weeks doting the suiiimer of 1U14 f^arcliiitg for 
fossil vertebniifl i^einaitis iti the Jtidlth Itiver fomuiticni iu north 
eentnil I\f oil tana. The most noteworthy discovery wiig the fragmen¬ 
tary remains of a fossil bird related to Uesperartik. It eame from 
practically Ibe same Ificality as the type of Conhrmit a!tu^ Sfajsh^ 
and is of impoiismee as showing these bird remainK as occurring in 
the upper fiart of tlie Cluggt-tt formation^ whetoiii^ Iieretofiire it was 
thought til lit {'oni^mis bad come fmm the lower part of the iludith 
J^iver formatiom 

CORAL INVIL-mOATTONS* 

Dr, T, Waylanil Viiiiglmn bys for some time iMjen engaged under 
the auspices of the Cajnegie Tnstitnlion in a study of the growth of 
coralsi tlieir role m reef building, and reluted problemy. IIis fiekl 
of inve^igation lias Wji chiefly the coast of blurija^ the Rahnmasj 
and other regions of the West Indies L^rge colIeiHioas made by 
him in those JoeallticR have l>«‘n received l>y the l^fuseniin 

nOMNFjO ANn CELFJIE.^ EXPEOfTKlSS, 

111 rough the gimerCHiity of I>r. W. L. Abtiott, who for so many 
years lia« been a tiiost geiieruos contributor to the zoological and 
ethnological collections of the Museutu^ J!r* II, G, IJavcn tvondnoted u 
collecting expedition in Borneo fur a period of about two ^venrs. Tim 
^vork tlicrxl w as completed in Septemlierj 11114, hiivlng jicldcil idiout 
S.OOO interesting specimens of iinimnials and birds. Mr, Tiaven next 
cix3esed the iiaeaf^r Slrait to the lulatid of Celebes^ where he 
ex[jecta to remain foi- a consiilerable |tariud iiiid to secure impor¬ 
tant eolWtiiina from a region heretofore jsoorly represented in the 
National Muslim. 


EXPUI>mON.q TO Tim > AR F^VST. 

Tliroui^li the liberality tif a gentleman who desired to remain nn* 
knownj Mr. jtrtlmr de C. Sowerby has continuod hk s^oologicti] ex¬ 
ploration.^ in Manchuria and nortlieasteni China and liiis forwarded 
a vnliiahle collection of and vertelirutce^ including two wapiti 

liueka, a roe deer^ two Ijtenrs, and a peculiar rabbit. 

Mr, Copley Amnry, ]n^ a collaborator of the National Museum^ 
joined a pmty accompanying Gnpt. J, Keren to the northeast coust 
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of Sibcri)i< It was JEr, Aniory's intcotton to explore such territory 
as may tw pniciicable fitun Nijui Kolynuak ns a winter base, giving 
special attention to mammiils and birds, iilien lust licard from he 
iiad made a tiip up the Lesser Animi Ttirer, where lie obtainetl n 
good number of fossi] specimens, also some birds and small mammals. 

ftlUl) STUDIES IN ILUNOIS. 

Incidental to continued work on preparatjon of manuscript of the 
onpnblished volumes of **Birds of Xorth and Middle America” 
^Bidictiii tiO, U. S. Xotional Museum), Mr, Kobert Bidgwny, during 
the past year, made n careful study of bird life in southern Illinois 
in order to compare preient conditions with those existing half a 
century ago. It was found tliat with few esceptions the native birds 
are greatly decreased in nnmlicrs. At lesst three species (the pas- 
twngcr pigeon, wild turkey, and ruffed grouse) have totally disap¬ 
peared from the region exanuned, while several others are on the 
verge of extermination. A few sfiecies, mtrh as the crow blackbird 
(broni^ed grackle) and blue jay, and perluips the robin, are, appar¬ 
ently, 8s numerous as tliey were SO years ago. 

The principal causes which hove brought about tliis greatly dimin¬ 
ished bird life arc: (I) In the case of the game birds, relentless 
shcMitIng; (2) gi-eatly reduced breeding and shelter areas, through 
clearing of forests, cutting away of woody growtlis along ro»d.sidca 
and fence lines, and drainage nf swampy or marshy areas; (3) intro¬ 
duction of the European house sparrow, which has increased to such 
an extent that it now outnumbers, even on the fitmis, all the smaller 
native birds combined, •nnjatly reducing their food supply and mo- 
nopoliEing the nesting sites of such si>ecies ns the bluebird, purple 
martin, wrens, swallows, and other birds that nest in cavities or about 
buildings; (1) inviision of the woo<1s and fields by homeless house 
cats and destruction of eggs and voiing (often the parents also) of 
ground-nesting species by “self-hunting” bird dogs (setters and 
pointers); and, probably, (5) spraying of orchards, 

HENDERSON EXPEOtTION IS CUBA. 

Since the romofl Hartem cxi>edjtion to western Cidia, Mr. John 
n. Henderson, a regent of the Smithsonian Institution, has made 
two trips to eastern Cuba to supplement the work of that expedition. 

One of these lials was to Cardenas Bay, where extensive, os well 
ns intensive, dredgings yielded a lot of interesting marine organiamE. 
The second trip embraced Ciibitns ilounlains, and was made in rjuest 
of land slu'lls, which were needed to elucidate problems in the geo¬ 
graphic distribution of the land mollijsk.s, ** 

.Vs beretofore, Mr. Rendereon'‘s yurlit, the Eofi\ has Wn kept 
busy c-xplonng tlw Pourtalus Plateau, A’ujueroiis lutuls in all depths 
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of wjitcr have been and the mutcrial^ whidi has flrrlvtKl hero 

from time to time^ Is exceedingly rich in muriim invertehrntc^, par- 
ticukrlj" rtiolUi^^ks, 

This year s efforts Lfive resnlted in the discovery of grounds with i\ 
more prolificj Yaried, and interesting fiuma than previmisly knoissTi 
in this regioDi 

noTAi icAL EXPfjoajkTiosfl m iiomi asiehica. 

Through cooperntion with the Carnegie Institution of Washingtoii 
the Sfuseum was eunhled to benefit by an expedition caiTied on by 
Dr. J, X. dnring the siimmer and fall ift 1914 along the west 
coast of South America in furtherance of bis work on the Cnotacoo'. 
About 9,D00 specimens of cacti ami other plants collected liy him 
have been jiernnniontly deposited in the National Ilcrbariuiu. 

Dr. iltise csTiIonxI a i4ectJon tliroaii'li central Peru fmiii Coltuo tii Orortt^ tmm 
Roa level n> tite tap of the dluElef^ at an n1 titanic <if 15 aWE^ feet. Cacti were fouiiil 
ill the j^roalffint aLuiulauee at au altStaile ot a.OOO lu 7,000 feet; but the viiHtaia 
miijire Trim n few feet ntMyi'e sen level to os lilrfi as 12,000 ti> 14,(Xio 

A secotiil WTtlon waj« amtle acruBs ^wuLEkeru Pera froni irfallctnlFi to T^ke 
Tlticacu vLv Areqnlpfli Tlae higlis-st pnlut reudieil waa 14,00-^ feet- Here nljui 
tku cacti arc foanO from tWHir sea levet ncnrlj- to the top of the Aiuileii; hiu i\u^ 
mewt rcuiarkulile tllsfilay Is oa tlie Ml\s surroouilLDe Areviulpa^ at an aluttide of 
froEii 7,000 to feet the cacti are ahauilaat in ImHIi theiu* mdiiTw, 

tiny are, wStli only a few fw-tewUiJe ■^fepllflaa. cIlNtlact. tripff were 
iiiaile froTE AreqaLpa to JullAai aPd CaKCo, In PerOp anil to La Pm, Oruro, aiul 
CaULLitiiche. In BotLvhu 

On ttic i^iiopn liolow Arecinlpu are foanU the fomoo^ creseent-j^hELped foiiU 
dunes, Pkirh rlune or pile of sand Is distinct In Stself, often septirtileil Botiio dls* 
taiici^ fryiu uur other diicftt aatl occnrrlai^, tno* oa mcky in^r»iiail ilevnlcl of other 
Baud- TTie doDcs arc found on the lilgh tneoa ftotnc 5,250 above tlie isten. 
Tfiey famu defiaJto regnTar piles uf cEich pn.^>litlni; a front 10 to 100 feet 
wide aad Ti to !W feet hl^h, nearly perpcntlleularp crcsceni shaped, aral from the 
crciireal-shaiiecj rkl^t tapering hack ta the HurfaiY In the direction frtmi which 
thi' wlud hluiv'j)^ Tlicse piles of shifting sand go forw^anl about 40 fet^t a year. 

Ill Chile t%vo sectioas were mode Into the Interfor—one from Anlofagiifsta to 
CalanukH unrS nne from YnIpamIso to Santlagn. Ttie first in through the ralnle^j^ 
ihwttm of northern Ctklle. the wliolo region being priictlcully dcvnia of alt 
tntUia, The second la ^tcatml ChUe* the hills bdeI vallr>^ of vrhh4i tire 

veritable dower gardriu^ t!ko hills often b*'ltig a of yellow, Varleua tripa 
wero made la the central vnlh^^ of Chile and one Journey oTong the T^ng^tudlaal 
Kdllway of Chile otendrd from Cahlerji to guntlngo. Se^ccIbI trliw were tiuide 
forcerlflla rnre |ilanl-'3 UUe Cereu« first colUH toil In iSdS ami not since 

oJiwn'M until fonnd by Dr, Rofie: and Coctwn ^lOrrrFfujr and Cochf^i Serf erf, de- 
twrtlM’d In 1SEE3, but long since dii^rded by cnctns students^ In tlw^ centnd 
vnlley of Chile s^eea Unit beautiful i>iiliii, tho oidy one nati ve of Clillc^ 
^perf-T^Wf* n, Bw K.p wbStb often fonioi Utv^ of conslilvnihlii vsimL From 
ttiLs pilai Is nuide Oie " Jlkl de Palma" so mneb n,^l as a jslrwp on fillips jiinl 
Ot lujteljc. 

Botanical explorations In' Dr. Eose on the east con^ of South 
America were in progress nt tho dose of the fiscal year. 


in 
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ANTllJUlH'lvOCllCAt, ne^SEARCIlO tN Al’BtCA AND HIBHBU. 

In connection with the work of lUe division of pliWicul ttnthropol- 
og}' in tlic Xutiouul Muscnni, two cspeditions were sent out during 
the jenr 1914 under the joint nuirpices of the Smithsoniun Institution 
und the Psinamn-Califomhi Exposition nt Sttn Diego, 

One of thvn» expeditions wits in charge of Dr. V, Schuck, nnthm* 
t>ologiiit of Prugiie, Boheniiu, and its objects were: to study the 
negro child in its native environment^ and thereby create it basis of 
comparison for the study of the negro child in our n>untry; 3, to 
visit the South African Bushmeti fur the purpose of obtaining meas¬ 
urements, photogrtiphs, and fuciul casts of the BBmc; and 5, to 
t isit British East Africa in search of the Pygmies. The tribe chosen 
lor the child study were the Zulu, of Xatal or Zululand, and over 1,000 
children and adolescents of nil ages—^.ages which could lie lieriniiely 
determined—wei'e examined- These data are expected to contrilmte 
some very impoitnnt results to antlu-opology. The Bushtiicn were 
reached in the Kalahari Desert, and besides other results 20 fiist-class 
facial casts were obtained of the people, which have since then Twen 
institut'd among the nnthro[xilogicul exhihits at Sau Diego, .Vs to 
British East Africa, the work soon after a successful bt'ginning was 
intentipU'd bj' the war. 

The second expedition was in charge of Dr. 8t. Poniniowski, UetiJ 
of the ethnological lalmratory at Warsaw. The object of this expedi¬ 
tion ti ns to visit a numl>er of the remnunta of native Irilie^ in eastern 
Siberia, among which are found physical types which so closely 
resemide the Amerieun Indian. Tlic expedition readied two such 
tribes, mid aceured valuabTe data, photogiutphB, etc., when its work 
also waa interrupted hy the W'ar. 


THE NATtTUAr, lUfTTOKl* Ol' WAX, 


Some of the results of exploration and field work liy tlie Institution 
among various races of manldfKl are dion-n in connection with Uie 
anthropological exhibit of the Patoma-Califomift Exposition at 
San Diego. These exhibits were in preparation for over three vears. 
They arc original one) much moi*© comprehensive than any previous 
exhibits in this line, either in this country or abroad. Dr. nrdlieko, 
under whose direction this exhibit wag prepared, describes it as fol¬ 
lows: 


TlwexJilWtfl flU five cDimeettae --„ 

Science of Maa nt Oie fSApoulttun. Four of thtme pfrtnui are devoted ta tlie 
luitarul history of tnun, while the Oftn Is nitcd up as « taotlmi anthmadusical 
tahoratory, llliranr. nod imarc room. Of the foor rooms «f oxhlhlts imniw 
me tint lA deton-,1 t« ama's pbylostay, or crolottou; the eowirf, to hls ontoL'- 
enj. or life cycTe at the present timer the third, m hN variation (8.-vua! i,Mt 
viduid, racial); and the fourth, to his |HitlioTof?y imd ik-aUi, ■ 
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The exhlhSts in room 1, tui Haixuiii RivoluLluii, CDti^l^ of; (n) A litrp- Kcrton 
€if atmirflUs Aj^-cIums cufts of ati llw more imiiortiiiit KkeletiU n^miiliuf of nu- 
tliofitJo nttUqiilEj^ (b) |ihotoj?iipli|c viitur^mieiit:^ atwJ wafer color 
EliowlO^^ i]w lixifclJfloft where tlk- sixclmettH wen? dhicover-nJ; (c} chorUi ebow- 
ing the of the ureheologicoJ iHk^tlmk of the various Rniifl, and their 

rcbilloQ to tlie extinct fuunfi ood to imiicotoglfiTil (il)l a ^lies of 

MkLiehes Uy rurlou^ neletitllic men HhowiRg their concept ion of the curSj iiiikii, 
with i^LWoral Ulustratloiet of ttrawlngs, atatuetlei^ ami Ikio^reliefd, i^howlng eurly 
lUQD Qfl Urtiwii or ecnlpturt'^i by Uio ancleot niaii j ami (e) a naiao-kahle 

iwrles cif 10 InrKo htwhi |dre|:i4irccJ by ibv eniiaeut Bolivian ^ulidor, M, Mu 3 Wt<C% 
luider Oiv iTIm-lIon of Pix»f. ftutot^ re|iri.^tl£]g ciorly mnn at iIlfTereQt 
of Ills pliy^ical advaoeemi^bL 

The mo Id tuirt o f tike ^oclilhits La mmi l^o. 2, devottd to man'^s devttojkweiu at 
the tresent time, rrom the ovntij onwurtlp are ttkfve ptTlca of truo-to^iuituro 
busu, showlaj^ by delLulto ijg&4«to|a^ frtim hlrtli uhwanl nml la both sexi-s, the 
thn‘t± jirikieipal nicc-d of tills eouniry, naineiyv Uu? “ thoroujilibred " white Aint^ri- 
can tfor iit leiiht tJiw K4.iheratloim lo thhi contljieiit on i:^eJi [mreiilal side) , the 
ludlati, iijiij the fulHklootJ AmerlLim neftro. Tliei^e whleli two 

aiktl ouiHialf years of ^ctrt'nnuu^ ikrt^jkaniLEenp fonn a nhlqiie exhibit for lujUilug 
of ulluElar iiataro btm ever been alte^npUaJ La thbi jihy iJther couatr)'* llath 
i'osiii^LHts uf dW hii^ts, Jo [uuiey aiaJ JJj ftvtuiles^ uail {iroceeils frumi la/unti al 
ur Within ti few" dnya ikfter blrlb to the ohlk^t persons tliiit could bi'^ fokUaJ. 
The oldi^l aefiTo wuninii la Jll. After lUe ne^v born, ihe stnEoa ore t* Tauoth», a 
yeur?!, 1,*, S5, 45, K, atitl 75 yeanw* The iitimirit cam ivas ese^ 

ciaiaj la uj^eerunalag the ngOp pttrtScuhirly uiuoug Uie negro atnS. Balluii. No 
eholct? was tnnde of the sabjek-ts Ixyond tlmt dio? to |1 jo requlrenkeiits of iifdt- 
grtai^ ago, atal h4-altbi Tlx whites am] rri'grtx^ were ohtulnLitp widi a few 
cxcej4|JuiLs in AVnshingtoji nlid vlclnlly, but their tilatya of blrllk ronge uvi r a 
birtie pikrt of the Ea.^ti:Tn. f^vutheriK ui^d middle Stat*^; for the Ijailahp we 
cbofio the .SIoEue^ a large, cluirReterUktlet nml la a very brae inensum siLII fian- 
blotMl %T\tH\ uDd one In ivhiili the detkimilkuttltin of the agt-a of tlx subjects w-as 
fetisIhbA Hifedal trljss wiTe aisde to ibt^4 pL'i^ple, a±aJ no puLus were KiMtefl 
lo get just ^ h^^t was wanted ; in the ease uf the uew' bom, ii wnk actually iiii.'kw^ 
satT to ^%.alt until they cniue. 

Otljur exbtidts in moui 2 show the deTclojaneikt^ tey Yfirlomk stugki^ of the 
Lnmciu brain, tJa^ skull, aad vnrlotis other lauis of the A iurne series of 

nrlifitjal sjxcimens slxw the? intist doseiy relat'd anluuil fonnii ... at tlx 

^kre^nit tloie. isirlleulorly the nntJiropold npe^; a PJerles of chnrt.H on the walls 
Ileal wltli the iilneniaui^na of scnEllly^ flnnlly, l(l phoiograjjble ■-nJargeoieab 
^how living eeatcniLriims of varEijua races, 

LlumnEi vnrlatEoD bi ^ibowti In rwin R by li} wts of infsa busb mtireseutlnn 
lU of the nwkre lni[iortunt races of man^ hy 200 orbiual traimmimiides gJvlikg 
rsiehil portraits j l>y Itai bniiiiKed fucLat showing ladlvldunl vnrb 

alluaH within mim of Ibe won? IniikorLunt braoebes of biunaalty ; nml by uumcr- 
0119 cbofts n m l other exLllilts. 

in looui 4 a series of ctuirls nml waps relates to lln? death mw In varlsiuH 
(N^nntfli-j. to Elie prlnejpul pauses of dwiOi In tlx dlirenmt prirts of the worlil, 
nml to tlx ili^trlbnilotk of the more? eomiuyik diseases over the eartlL Actual 
liatholug)- hj Llldstnitpd cxtcm^ively by [vrelklMorle Ajueiicna materfoL Many 
buadreifs of original B|kw:lim^a!4. dcrlTeil prloclmUly from the pnM;olumbinJt 
ceuiett'rl+?a of Peru. slxw‘ an eitensli'c raoja^ of Injuries nad dlgca^t^ sul'Ii «s 
I mre left their waiivs on the hones. In iimny Ici^tanoes tlx iajurb>s um vt>iy 
Interesting, Ixih frooj tbelr extent amJ tho t-xtraordlimry |Mjwep( of m uixra- 
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tiuD iiho^i] En tliL' lienlLn ^; while fiEuc^iiij itw 24 > 1 iowrt mi tlie boue^ lliere 

ere eoniB thni find no, or but little, imrnUel ainotii: ibo white wns or trvetti tlie 
tiu1;3uti of tiHilngr^ In ttddHIoti tlit^ roinii con initio a pf Ott wktiUij wltb 

ojiertitlonii (tre^natlon ^. 

ISLAND or TIMOS ZNPEDmONp 

Among the projeetol expixiitions intciruptcd by the Enmpean 
t?v-ar wb 5 fane to the of Timor, in the East InJiesi Tliis island 

luis Ijeen a rick collecting ground for aclenlific study, tlioiigh little 
has been done by the pnlGontologist. Ajt opportunity ivits olfeml for 
aiaking collections at Timur through the courtesy and interest of 
Mr. X. E. Crune, a retired engineer, of Pittsburgh, who had pljumed 
to vlidt tlie island. The fund for this enterprise was contribiited by 
Mr. Crone, Mrs. E. H. llurriman, and Mr. Frank Springer, but tho 
e^epodttion tins been tx^etponeU for the present. 

CL£A1U.\0 OP st)0 liy ni.ftCTRIOAL PKE1‘]P|TAT|(») . 

The fact was long ago scientifically estatiliahcd that nil dust and 
fog pnrtick>s in the open atmosphere aro electrified and subject to 
dispersion or prccipitadon. but how to clear fug from a street, along 
n railwoy, or fi-om the neighborhood of a ship nt sea, and to do it 
in a nmnticr commcrdally feasiiilc has licen a matter of i^rioiis study 
for many years. The question having recently aroused fresh alten- 
tinn, particularly in the neighborhood of San Francisco, through re- 
searclies planned by the University of California in cooperation with 
tho United States Lighthauso Service, it was decided by the Smith- 
suniuti Institution during the past year to make an appropriation to 
furlher this investigatJon, which is under the general dilution of 
Dr. F. G. Cottrell, who has done ao mueb toward the practical pre¬ 
cipitation of dust, smoke, and chemical fumes ut large industrial 
piling The Auieriumi Institute of Electrical Engineers has also 
appointed a committco to cooperate in this great work, and reports 
on the results of the study are a wailed with much interehi. The 
essential demenl to success in scattering fog seems to be some form 
of electrical appnratiiji uf very Idgh direct voltage, with facilities for 
its control and ready application. 

kiiheaucu coaroiLkTiON. 

In previous reports 1 have callctl attention to tho RijSfflirch Cor¬ 
poration forinwl primarily to undertake the development of certain 
precipitation patents gencrouBly offered to the Institution by Dr. 
F, fi. Cottrell. Although it was impracticable for tlie Smithimian 
Institution to aduiinister this work dirwtly. yet there was no ohjeu- 
tion to the becretary Iscoming a member of a distinct organization 
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that would imdifttHki* its iiev«lopnieiit. An iiicJ«pe:tidoiit oi'guiiiiia- 
tloti WHS iictjordingjy fornitifl in 11112 under the )nws of the Statv of 
Xew York, the .Secretory of tlie Iniititigtion becoming one of the 
directors of the Itesoarch Corporation iind a member of the executive 
oonimittce. Tjie Iwnrd of directors includes u number of prominent 
men of wide biisitMiss esperienoe, such as James J. .Storrow^ of Lw, 
Jligginson & Co., Boston; Charles A. Stone, of Stone & Webster, 
Boston; Arthur D. Little, of the Little Chemical Co-, Borfom T. 
Coleman rhi Pont, nf Wilmington, Elon H. Hooker, prissident 
of the Hooker Electrachemica] Cow, Mlagara Falla, Jf. Y.; Benjauiin 
B. I-iiwrence, mining engineer, Xcw York; Heorge F. Kiinz, of Tif* 
fany Co.; Krederlck A, Ooetze, dean of tho engineering tlepart- 
ment of CoJiimbia University. Xew York; William Barclay T‘ai- 
aona, engineer, of New York; tmd Hcncen Jennings, mining engi¬ 
neer. of IVushington, 

Tlia principal object of tlie corporation is to acquire inventions 
and patents and to make them more available in the arts and mdiis- 
tries, while using them us u source of income, and, second, to apply 
alt profiJts derived from sudi tise tn the advancement of technical 
and scientific investigation and experimentation througii tlie agency 
of the Smithsonian Institution and such other scientific and educii- 
l ion lit institutions and societies as may be Bclectcd by the directors. 

The chief assets of the corpomtiem at present are the Cottrell pjit- 
ents relating to the precipitation of dust, smoke, and chemical fiimcs 
by the use of electrical ourrenfa. Dr. F. G. Cottrell, tlic inventor 
and donor of these patents, bins' dcscriiied their operation and iidviin- 
tagcfi. and the progress thus far made in their installation in an 
article printed in the Smithsonian lieport for IfHS. 

There is now under consideration ttic acceptance nnd develop¬ 
ment of other p>atents besides those presented by Dr. Cottrell, It 
is planned that when the funds of the corporation received from 
royalties and other sources sluill have reached iSl00,000, to apidy the 
inctiioc “to the advancement of-technical ami scientific investigation 
and experimentation ” as provided by the act of incorpor:ttion. 

Owing to the wide experience of the memljers of the Iward and 
their stajiding in tlie hiisintss community, it has been possible to do 
work in coiincction with the Research Corporation that would have 
required the expenditure of large sums if undertaken by an ordinaiy 
business organization or private individuaL 

n.LltltrSlAX TRUST nJXD. 

Aided by the iticome of a special fund established by Sirs. E. H. 
ITjirriituin, Dr. C. Hart Merriam, iviaiareh associate of ttie Institu¬ 
tion, has continued and practically completed liis studies of the big 
bears of .America, so that it is now po^ble to determine the relations 
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of most of the species anti to nrrange them in tlefinite groups. Of 
the true giii5J'li<s therG appair to bo RlM>ut S8 S[>ecics txtiil sulispoetes 
representing n domn groupSj anti of the bro\fn bears iibout 10 speiues^ 
t^presenting 5 groups, ()ppi)rtiinity wiU now bo afforded for study 
in other fidcfo of biologiciil ressenrdi. 

TIEK IxANOLS-V APJMIDVNAMU-Ar; IC^MIE JIUTOBT, 

Tlifs TjttiJgley Aerotlynaniical Lulxjratory wsis reopened I iitider rcsti- 
hit ion of the Ih^urd of TCoginiits adopted Sfay I, and on May 
un advisory committee nrns organiKcd^ us detuileil in my rei>ort for 
that yenr* In iny hist report 1 reviewed what hud l>een acconiplishe^l 
up to ilitne 30, 1^1 h in certain lines of inve^igiitii>ni including tho 
iuccessfiil flights of the Langley aeroplEina biiiii In ISOS-lOOcj, nnil 
further triuls of that machine w ere discribod by Dr* A* F* Zahm in uu 
urtitrle in the gencnil appendix of llie Smitlistmiuii lIci>ort for LOIL 
During the post year it fonrid necessary fi^r legal reasoiis to 
discontinue the advisory committee ns origimiHy organi^ied^ lUk] it 
llierefore stfemed advisable to call upon Congrc!?s to authorize tlie 
cstrtblislmient of u national advisory comiiiittco for iioronaiitics- 
Folltj^wifig an urgent appeal by myself und others to the Seunte 
t’oiniidttee on KavaJ Affuirs* there weis inserted in the naval appro- 
priiition act fPiiblrc, No, 2TI Ji;?d Congd approved 3tlai\‘h 3,1015* the 
following proviEiion for a national ads^isory comniittee for aenmautiesf 
• •**•** 

An ,\itvl,‘y:>ry CiiannUtee fqr Aeranaiitlm la lieo-tiy catubllsIkeEb nml ihe Prcfll- 
cleiit Ik nuthar^sed to appoint [wL to ta ci>tL^iqt of twA 

UMinkljerti froia tLe War Depurpiic-aL ibe amn± lu rbuqre of nilLltoo^ aefo- 
UEitttSfs; twvT ujcmlrt^iw fr^m tliR Navy rteportnavLil, friau thir (jtUco La cborpt 
fit fitival ELprcinjiani;^; a rt^kreaefUalkp encli ipf the ^niLllamnlan lojjtltynfm, r^f 
tla? UnitiHS KEctufit W'eather Rumiu* and of tin? TTolleil Slart^H niireuu of Slan«l- 
arrlsT toi^etlier wUli net mi^re tban Bve jublitloniil who jjJiall Ike ac- 

aaiiLnleil with tha rnjcds ef ueramnilfra^ sclonco^ dtlior dvl( or iiiLiliaky, or 
utilletl Itk uvnjuntkilctil eaf'likeethi^ f^r Its alliwl scleDcess: /^roi-WC(f, Tikat the 
nieliiUw of tbe t^^nimlrtec far Aeronaatlo^ ^u* mirli, jj^hnll serve with' 

out oaiippimtieu: /'rodtfrtf furthrr, That It almll the duty lyf tlK- Advlat^iy 
Comninti'e fipr A^Toniiiitlcf) to aiiiickn?lw aad dlnK-t tbc sck^atflc study of the 
IkrnblenkK of fllEhL with u viijw In their pmctieal dilution* anr| to deienaitie iho 
tirrihteiikif which Ahoiild Ih^ esefiifrlmentally al tacked aiRl to dbiciiss tbuir Siota- 
tlon a Elk] ihtUr applb^tlim r>j practlral quesstlolifi^ la i\w eveat of n lalhimtory 
i>r IntNoratofSi^S!* either Iti wIwJg or In part, being placed nuder the lUriHiioci of 
the comniWtec, the crkmaiLtti>c ilireet ond conduct roseurcli Ekmi estRTluu'Tkt 
la aeroaaatlc^ In such lalMWatnry or bkliaratorle^: And pror Uttd fjirih^r. That 
rules and reEiilatlona for the condyrt k>f the work of itie committee ahull bo 
fcvrmalateti by the committee am! approvetl by the Proaicletit, 

Tliflf tltt* bum of ^,000 a year, or so tattcli tboreof os may be noeomfoty, far 
five years bt tim*y spprapriated, oat of nay tnaney in the TreaBvry twt utber- 
wiM? Rphrf.>prEn[edp to be tmiurdiaEely avallnhlcK for experbncEkTrd work and ia- 
vcstigatlona unrlertakea by the commLitce, dorlcal ex];ieaiH.^ and $u|ifkites, aofl 
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of im^iubt^rs of Lh*!* ixitnmlltee In jgolcj: to, rpfliming' frtini, 
riEiit viliSle iirti.^n(3Ln(^ nimliigii rtf Hkc rotniiilttc?e; Prorirfcrf, TItnt am niinunl 
iTTHjrS lo tlie LVii]grei)Ef BtiulJ Ik* »tlbtn3tt€fl tbrongli the l^i«s3iJeot, IcKlndln^^ uri 
IiemlziNl jfiuiPiuent of e^heniJltuft% 

On July 2T, 1014, the loEtitiiLion pnbli^bed a report by Dn Zahm 
on Eurfjp^an aeronautical laboratories in which he Jescrilies the 
huiUmgs, {H|uipitiDnt, and operations of kboratories in England, 
Fra lire , aud 

Although, im iib4>vc ^ated^ it was not practii-al to continue tlio 
advisory c.-omiijittec of l&lS as origin ally planned, noTcrtheless the 
individual members of t!ie committee have t>een nctive in their in¬ 
vestigations, and several vo In aide repoiis have been receivwl, some 
of wliich jin? HP yet conficlentiul or incomplete. oi>o of tliinse Ixiing a 
report cm wireless communicrations to and from air einft. 

Hr. Buckingham completed and publkliccl n masterly paper on Uio 
matlieniiitit-al principle governing the rehitinns of exjjm^imenial mod- 
ds of all sorts to tluK^e of full-scmie machmes, Dr» Humphreys pub¬ 
lished ji tong paper oti the Physics of tlie Atiuospliem Dn Zahm 
htdpcd to design for the Fnlteil States Amij’ si SOO-horsepower bi¬ 
plane. and published n matheninticol method of aiudyjting the stresses 
smiairicd by such an aeroplane iliiriug flight. 

At the annual meeting of the Eegents on December lf>, lOI-b Br, 
Alexander (fcalian] Bell, Senator William J. Stone, Be present alive 
Ernest \\ > BoLiei'ts, Mr. Jolin B. Henderson, jn, and Secretary 'Wnl- 
Cf>tt were appointed a eoiomittee to conEider questians relative to the 
Ljinglcy Aerodynamical Lalioratory* 

ruELTrATiavs. 

Tlie publications of the Smitlisonian lustitution and its branches 
during the year comprised a toUd of 0,753 prititeil pages, accorn- 
paiiied by 655 plates of ill list rations, and the number of copies dis¬ 
tributed of various publications, both pump]dels and hound 
volumes, oggrepiteil 132,010* 

Tlie Institutiun bus for one of its i>rjinfLry objects the ‘^dilTsiEion 
of knowledge,^" and thk aim is carried out by printing and distribu¬ 
ting the results of Scientific in vest igjit ions, ticcounts of explorations 
and researches, of progress in fhe various branches of sejence. and of 
development In any phase of human endeavor which wmild tend to 
increase kjiowledpe among men/' Of iU three series of publicii- 
tions, the OontributiotiE to Knowledge, ^tiscxllaiteomi CoUections^ 
and the annua] reports, the first two are issued in limits editions 
at the ex]icnsc of the TriEtitutiou and nre ^r\t out to libraries, institu¬ 
tions, -ind Interested individuals throughout the world- Tlie annual 
reports, containing in addition to the fidmmistnitivn reporb: n gen^ 
crnl appendix of original and selected papers showing the recent 
progress made in all branches of natural and applied science, are 
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printed tmder cnngt^ioruil nppFr»prbtion, so tlmt n iuigor (>rlition 
anti mor« tvidt^proad dLstrilmtion is po8Sil»I«. 

Under the direction of the Institution are issued the v&i'ioiis puln- 
licntitiiis of its branches^ («> the Annual Repnii. tlie Proceedings, and 
the Bulletins of the Xational Kfnseujn, incluiling the series of Con¬ 
tributions from the Xationat Herbarium; (&) the Annual Re]}orts 
and Bulletins of the Bureau of American Htlinologj'; and (e) the 
Annals of the iVstrophysieaJ Obsciratoiy. These series are all [iiihlic 
documents und are printed by means of annual allotments by act of 
Congress. 


J<7ni(&*07iian i^oniributiemt to h'mti!tcJgc,—T\iv rcipiireJiients for 
mcrnoii^f in this series are that they be nccoimts of extended original 
rescarcli constituting important additions to knowledge,. Since the 
first appearance of this scries in 1848, 3r» quarto volumes containing 
150 memoirs have been issued, the most recent one being the “ Lang- 
ley Sfemoir on Mechunical Plight,” in ;vhich ai>o rccordetl the results 
of the late Secretary Langley's experiments establishing the practica¬ 
bility of heavini^than-air tlying machines. 

Sm\th£tmiaa .1/^oef/aneoua CoMeelhns .—Fourteen papers forming 
parts of four volumes of this scries were issued during the year, 
among them one paper on Cambrian geologj' by your Secretary! 
Another interesting paper was that by ilcssrs. Abbot, Powle, and 
Alilijch recording new sobr radiation researches, in the couiU of 
which f™ balloons carrying recording apparatus, ascended to a 
Iieight of over 15 miles and were found on their descent with the 
records m good condition. As a result of these and other esperi- 
tin? authors abide by their former results, namelv that 
mean value of the ‘solar constant^ is 1.93 calories per Muaro centi- 
meter per minute.” In this series, the sixth revised edition of the 
Simtlisoman Phjsieal Tables was issued, and was practically ex¬ 
hausted at the dose of the year, sliowing the continued popularitv 
and usefulness of tins work. Tlie publication of n further edition 
was Wmg the close of the year. The nsmd annn=,l 

account of the Inrfitotions explorations and field work was i^ued 
and b^g profusely . hu^ruted, was of considerable popular interest 

Snulh»i»,mn re^ort.-The report for 1913 was received from the 
prmt^ and distributed during the year. .Separates of the article 
forramg he general appendix of the 1914 report were issued th! 

comp eted volume, however not Imngre^^ from ^e printer onSi 

shortly after the close of the fiscal year. Tneormiratcfl in fK 
^i«ml proridiBg tor prmli„e for Uk- iMi,,,,™, 
branches was o clause increasing the edition of the ■ 

t.O0« to 10^. . 

edition of this volume has heretofore been exhausted „lrn^S' - * * 

diutely following its appearance. ulmoet imme- 
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Special pultltcatioM .—Of the opinions rcnderct] hv the Tiitema' 
ttonul Gminiissifm on Zoological Xonjcncbtore, uliicli the Institu¬ 
tion ha* puliHshttl for some years past, Opinion fiG was issued, and 
the Institution has contintiwl to provido clerical services in connec¬ 
tion with the office of tlie secretary of the commission. 

jVmong other special publications was a short biographical sketch 
of Janie* Smithson^ abridged from the chapter on Smithson hv S. P. 
Langley in tlie history of the first Utdf century of the Institutio!!! 

.\aiionftl Muaeum pvblwsiiotu).—Thu National Jlusoum ii^od an 
annual re[iort, I volume of the Proceedings and 41 separate papers 
forming parts of this and other volumes, G bulletins, and I volume of 
C otitribi]tioii.s fiYun tlie Xutioii:iI llerljurjuni- 

of Ethjyflofftj publtcafion»,-~The Bureau of American 
hthfiaiogy publisheti two Liilletma and Uireo niiscclkncoii^ piiblica- 
tio^ Among tlio latter was a circular of information regarding 
Indian popular names, to Iw distributed in response to (li« nnmerou!! 
letters requesting infonnntion of this kind. Four annual reiwrts and 
live bullflins were in press at the close of the year. 

Reports of khtoriml an4 \mtnotlo aceictm,^Tlie annual reports 
of the American Historical Association and the National Society of 
the I aiiglitcrs of the jiyucricnn Revolution were subuiittcd to the 
Institution and transmitted to Congrea in accordance with tho 
cliartors of these organizations. 

Ariolmrniit for printing.—The allotments to the Institution and 
Its brandies under the head of ^Public printing and binding" were 
utiUiM^ as far ns piwthmbte, although there was a large amount of 
materia] which the Pnldic Printer was nnalde to complete, and this 
Will tliL-refore iiccome n charge against the lOlG albtment. 
rile allotmcnU for the year ending June 30,191G, are as follows; 


Fw me Simth-walaa taMimtIf.n: For prJaijaB an.l bindJuB tlie aanoal 
i^jrtfl of tlie Beiiitl «f msEiita. wall Kenenil nppeo.tliTssL the «1J- 
lions Ilf which ncit ifJ.OiJO corUpa. 

Far llh- aiLUuHl uf Itie XaHonal Mii»uiii7 with ’wnenil aia^- 

dhuiiti iinil for rirlatlufi JntH.'T^t unrl Mank^ aad for the Iiu]!t<tiiia uad 
Pracealliica of tho Xiitinnal Mawaiit, itw eiltttoaa uf w-hich ahalj not 
exco«t -1,000 «)p[i?(. and blmJtnp, In liiiir nmrm.TO ur rmterlal aot nwre 
csiH-iiBlvo. sclentlflc hoakH. aa.1 paraphlem presented m or lunaliyd 

hji' Hk Natliiiit4il JVXimiurn: llhniiry___ 

Fitr tlip tumml rviHirfe nnd BiillctEiw f>f the tif AnierTaio rch' 

noloa- find f»r mlsctlhiceQiiii prlmiujr muj himlluf; fcir ihi* burettu 
For mhtccl!anr>aiia printing am I liiDdla^^r 

liitu^aatlutinJ: EsicliJinj^^ __ 

latmiattunal ratalci^e of ftck-ntliTc l.lterntTiro 

Ntitloaol ZoolaKteal I^rk______ 

Atiti:Y»tdiysli:clil tWi^rTotory-. __ 

Fur the i>aanii( rimn of the Aiucrk^tu IflsturkT^l 


tlf}. OOO 


ar, TiOri 

til. 000 

20P 

UlO 

:30o 

200 

7,IXW 


TataL._____ 

jsfsis'—BM loir—2 
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<»» pnnthig ujtd jniMhattoti. —AM maniistfi-ipts aiib- 
jjiittcd for pnbliculion bj' the Institution or its brutiolif^i biivc. iis usuu], 
been ex»minG<I tiud putsoeil upon b^v the Smitlisauiitn ftihnsoiT oom- 
rnittee on printing and pitblkadon. Tlie comrnUtee Ixhs eem- 
sideral various general matters concerning printing iind binding. 
During the year 18 meetings were held nnd 100 mnnuscripts acted 
u|«>iL 'riio personnel f)f the committee was as follows; Dr. Tjconhnrd 
Stejneger, liead curotor of biology, National Museum, acting chair¬ 
man; Dr. C. G. Abbot, director of the AstrophysicuJ Observatory: 
Dr, Frank Baker, supcrintentleiit of tJie National iJoologica! Parkj 
Sir, A. Howard Clark, editor of the Smithsonian Institution, WGcre* 
tary of the committee; Mr, F, W. Oodge, eihnologist-tii-charge of 
the Bureau of American Ftimology; and Dr, Cieorge P. MerrilJ,heiid 
curator of geology, United States Nationiil Museum. 


THE SitTTHSONlA.S I.IBRARV, 

The formation of a library of science vvas one of (he earliest 
activities of the Smithsoaian Iiistitutlou and its natural growth 
during the Inst 00 or umre years has resulted in the aceunuilation of 
nearly half a million works lararing on practically every branch of 
natiirat science, the fine erls. and tlie industrial arts. For adminis¬ 
trative reasons a large portion of the library, consisting In the main 
of transactions nf learned societies, wns in ISlifi deposited in the 
Ubrory of Congresj. This deposit is constantly being inci^ased, the 
um>aitnns during the past year numbering 24,113 items of publica- 
tioue and making the total nimibcr of ciitriGs to June 30, 1015, 

Tlie several libraries still directly maintained by tlie Institution 
and its branches include the f^mUhsonian office library; the libraries 
of the National Museum, comprising over 100,000 titles; the Bureau 
of .Vmcricin Ethnology’, about 35,000 titles; the zVstrophyeical Ob- 
^rvatory; the Xaitonal Herbarium; and in addition to these should 
Ijc luentionctl the more w.-ently formed neronnutical iibrarv. which 
Mnlains probably tlie most complete scries of works on this sub- 
j«t in the T nited States. One of the chief contributors to tbU 
hbrory during the year was Dr. Alesiinder Grahiim Bell, whose 
gift mcludeii n working iibrnty of 4fi volumes and 15G volumes of 
newspaper clippings covering the recent years of rapid development 
or the art of aeroniiutics, 

Anrag olhoi- arassions to Uic .rt SMiion of Ulo library diirlM tlio 
yrar 1 may aa,Um Ibo loan by Ita. fl^alcolt of nin, voluma of 
Japo^ art mi about MO roliuura of nrcbitcctiiral poblicntioiis 

Si'Xr ^ 
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The report of the Jissistiint librarisiiiT lifiiieto, di^ficrjliea 

the improremeiith; recently miuh by the eonstriietion of £ite«l stneka 
in the Smithsoninn bniJding for iL^tnhling in nccesai?ile cpiatterst 
Jinmy general ^vorks belonging to the Government bureana under the 
Iiiatitution wliieh had herctoforo t>ecn wiilGly sciitierefi in unsuitable 
rooms. 

I.UCY T. ANfJ urXJUGEJ W. Ps lORE FUND. 

In my last report 1 referi-ed to a number of bequests then aivsiting 
settlcrricuC. One of these ^vus the he^|uest of treorge \W Pmjre, of 
I»wel^ ihjsa., who died December 17, IDlO, uiuJ by the terms of 
his will niiide the Sinitloeonian Institntion bis resiiliiary legatee- 
As mentioned Ln my IDlO reptjrt, the estate^ esthimted at sibout 
$^0,000, Ls lxM]UG]itbed under tb^; vondilion that tlie Lnctmie of this 
smm should Iw addetl to the |jrmeipal until a totnl of $!iJ50jOGO shouM 
iiiivc iHfcn reached, imd that tlieii the irmoina only should l>e used for 
the purposes for which tlie Institution wae crentedH Although I 
have heretofore called attention to Sir. Po^^ire's reas^rn for making 
this befiuest, it is so apt and iippiYjprijite that I will rei>eat it here. 
The will siiys: 

f nuiks* this s,Hft out Kfi iinicli litvauKC \\a ainouat tis bcconj?G I Lojw U wSU 
nriiVu Hti e.V 4 ili]jkle for otlicr Aiuerkiuuc to follow^ by i^iippartkni^ uufl eortMiraRlai? 
m wS^ nliU iH'nefl^vEit an InifUtatlcm oa t 134^1 SnUth^cauLnu liLniltuHciii 

to and yet It ]ius tMiCii aeglectOtL uud o^'crlooked by AiuerJma elllaf'iui. 

In March, 1015, tho Institution received from tluj exceutoi's of tlie 
roore estate the first insiallmcnt of tlie bequest, aJnnunting to 
as noted under the head of finances. U will be known sis 
tbo Lucy T. oJid George W. Pooud fund, 

THE PKEEtE OOLLEXmoN. 

Jn 1£KX> Air. tTirirles Tj. Frcer^ of Detroit, Slicb., presented to tlio 
JnstiLutioii about IfSOO paintings nnd other objects of art, and from 
time to time since then bo has that gift by further 

gencixius donations until this vvgnttorful collection tiow aggregates 
lj8li pieces, iiiduding il91 psiinting^i, engravings* litliograplis, ct&, 
by American artists, nnd <1,820 oriental works of art, many of them 
of higli tiistorie and intrinsic value. It was sti]>utated by Hr* Fr^r 
ill connection with the gift that the collection lithould rcinaLu m bii 
custody during Lis lifetime, and that ho wmiLl provide funds for tlm 
erection of a snitablo buildmg for the permanent preservation of the 
collection He is now considering the question of erecting such a 
huiliiing and a comnilttee of the Regenfis Las liecn appointed “on 
the securing of li site for the Freer Art Gallery.” 
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ANNUAL SBrOIl'T KMttEIiiONlAK INSTJTUTinN, IHI.'J, 
TltK NATIOXAI^ Ml'SKUM* 


Tlic report of the AssUitunt SetTftnry in charge of the National 
Muscttiii, hereto np[>eiided, indicate!; most gratifying progrciai in all 
lines nf iluscutn activities. To the collettlions theits liiivolict^n many 
large and most vidnabb additions, and inistallation of exhihits, par¬ 
ticularly in the new or natural history building, has been greatly ad¬ 
vanced and iiuprovcd. 


Afore Lhati 300,000 specimens were accessioiied during the year, 
over two*thirds of witich pert-tiined to palcontoki'^ and wwlogj', 
on6*sIxth to Ijotany, and the remainder to autliropidog)*, geology, 
mineralogy, textiles, and to other divisions of the Museum. 

Hie ethnological exhibits were enrichetl by a large scries of old 
Japanese art assembled some 30 years ago by the late J. Crawford 
F-»yon; baskets, musical instruments, and other objects from Dutch 
Bomeu, presented by Dr. L, Abbott; also many Interesting ar¬ 
ticles ^rtaining to the American Indians In American archeology 
the principal accession was a series of implements and other objeetH 
iif stone, metal, and tei ra cotta from various parts nf the United 
States and Mexico, secured throiigii cooperation with the niiiuagGinent 
of the Sail Diego Exposition. Dr. Alexamler Graham Bell added 
very greatly to the electrical exhibits by hix gift of 380 pieces of 
experimental phonographic apparatus and suvend relics relating to 
llio early liistory of the telephone. " 


Special meution should also he made of the gift of Air. Hugo 
U'oreh of a large nnmlicr of pianofortes, illustrating the progress 
ami development of piano making from about 17T0 to 1850. The 
earliest of European pianos in the scries dates from ahoiit 1770 and 
of American plnnos about 1*90. Afuny interesting accessions per¬ 
taining to American history are mentioned by Uie j\s£;istanl Secretary 
in his report, ns also important additions to the xoological, geological, 
and botanical collections, A most notable contribution of muJhisks’ 
consisting of a very large collection of sjieeiiiieim from praclicallv 
every part of the world, was a gift frem Air. John H, Henderson 'a 
R<'£,Tyil of ihc Tns^itution^ ^ 

As in ]irevious years, miudi material was received from the I'nited 
States Geological Survey, the Bureau of Fisheries, the Department 
of Agraciilturc, and other Government establishments:, ihusc acciiiim 
lali.ms from various field researches having served their punio.se in 
the preparation of reports on scientific investigations 
llie National Gallery of .Ui has already outgrown tlm ^ace 
allotted to the display of paintings. Each j-enr the additioms to the 
pernimieiu collection of paintings, as well us the loan exhibits causes 
more and more ombaijassment to those in charge of their inst-illn 
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tion, nnd the time lias now como when serious remsideration must Iw 
given to securing {uleciuiite quarters for these nntionid coJkcLions. 

I cun not pass witliout mention of the very Interesting exhibition of 
laces, cniltroitlerics, and other art textiles, as also the historical coa- 
timies, esiict'iall)^ those representing the several administrations at 
the Wliiie House since the perif)?! of President ^Vashlngton. I will 
not attempt to cicscrjLc any of the gowns recently received, further 
than to say that they include a lavendei" silk dress worn hy Sirs. Fill¬ 
more, one of hlack moirii worn by Mrs. Pierce at the inauguration of 
President Pierco in 18i>3, am] a pale green broenJe wnm hy Hi's. 
(.levelrinJ during Prcsnleiit Cleveland's Drat administration, 

Thu division of textiles has greBtly- increased in popular iitten.'.st 
timiugh the installation of a series of machines ilhuilraling methods 
Ilf inaiiiifucliire as well as exhibits of the raw and fuiislieU products. 

LikewiR', minertd tecluiology is lieing illustrated by imxlels and 
products, showing the nianufactiire of mien plate from inateriiil here¬ 
to fore threwii away as waste, the prejatratiim of asbestos products, 
and the manufart[ne of graphite and its Industrial products. 

The MuseiiiTi is pai ticipnting in the e.xpositions at San Fraudsco 
and San Diego, altluiugli the very small allotment allowci,] the Institu¬ 
tion and its liraiichi's from (lie approprintioii for (lovemnient ex¬ 
hibits permitted only a comparatively small display at Ran Fran- 
ciwn; At the Ran iJiego Exposition, however, for which no npprn-' 
priation was granted for Covenunent exhibits, it was possible, 
tliroiigli cooperjition witii the exposition tnnnagemcnt, to prepisrc aii 
interesting exhibit of piij'sictil anthropology and one illustrating 
Amerirati Jiboriginal inilustrles. Tlie former exliibit, more fully de¬ 
scribed on n previtHiB page, is an entirely novel one. It illustrates 
man’s evolution, his development or growth, his racial, Sioxiial, and 
individual varuitions, and the causes, other than nomtnl senility, 
ivliich result in the decline of tlic human organism. 

For many years il luis been possible to aid the schools tind collegea 
of the country in their teaching of natural history through tiie dis- 
trihnlion of duplicate material. During the past year 1C3 seta; of 
such duplicates, aggregating li,S43 specimens, were thus distributed. 
And about 8,000 duplicate specimens, nearly three-fifths of which 
were plants, were utiliKcd in exchanges with other museums and in- 
Etitutions. 

Tlie total number <if visitors to the older Museum building during 
ihc year was llh'l.SOS, and to tlie new building 321,T12. The latter 
aggregate indiides o^iriTT Simcliiy visitors to the uew building, the 
older building not Ijciiig oi>en on that day. 

1 he \Tnseum issued its usinil nuniinl report and series of scientific 
I'apors, the total distribution for tlie yeur aggregating &4,00tl volumes 
Olid pamphlets. 
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BtniEAU OF .UIEKICAN ETHNOLOGY, 


The field work of tlie Burenii of American EtUiiologfV during the 
last year resulted in tlie accumulation of a largo iiiiuiutit of im¬ 
portant data relating in pnrtictilnr to the early inhabitants of the 
■western and sonlhwestem portions of the United States. There was 
nLso brought together a great deni of miiterinl l>caring on the habits, 
eiistoms, iteliefs, iiistitutionB, ceremonies;, and Intigiinges of vanishing 
tribes of Indians throughout the country. The report of the eLbnolO' 
gLst-iu-eliarge, iippended hereto, reviews in detail many lines of 
teniutic rcssemeh now being conducted by the burean. Among these 
I may note interesting colorations in New Jfexico anti Utah among 
ancient village sites wiiich iTppear cborwctoristic of [>coplcs pi-ob- 
ably t)f a considerablu earlier period than thoi^c beretoforo Ttuown 
from tlioso regions. Ancient earthenware collected by Dr. Fewkes 
in such sites in tlie lower Mimijrcs Valley in New Mmtico I war deci^ 
i-utiuris of animals and geometric dcfigns in some measure resembling 
I'crluiii ntident paintings: on the walls of caves in France. In south¬ 
ern are SQiiic eXtensiro aboriginal nitiis awaiting investiga¬ 

tion, which bid fair ttt add much to our kuow-lfKlge of the early iii- 
ImbitanLs of ill lit region. 

Among ilucuments preserved in tlic Santa lues Mis^sion in Califor¬ 
nia there has been brought to light an old inaintscripl of special in¬ 
terest in conneotiou with the study of the former ('hiimiish Indians, 
and II complete TO[jy of the manuscript has Iicen mtulc for the use of 
the hurciin. 


Special reseurriies have been in progress for wmie years in the 
preparation of several aoies of handliooks relating to American In¬ 
dians. One of these Eseriea, devoted to Indian languages, is in conrse 
of publication, the firet volume nlrciidy having liren Usued, under 
the CilitoRihip of Dr. Frenx Boas. A Hatidlionk of Anieriran An¬ 
tiquities, the first imrt of which will soon lie ready for the printer, 
is lieing prepared liy Mr. \V. II. Holmes, The ** Handbook of Ameri’ 
cun Indians North of Me,\icf),” published some years ago, has lutd 
several reprintings, and the public demand for it alii] continues. A 
handbook in course of preparation is devoted to Alwriginal Remains 
East Ilf the Mississippi. 


Tliore had been such doubt and discussion as to the probable nge 
of ciTtain Indian nunmik in nortlieustem Kansas and soiitlicasfem 
Nebraska that it seemed impurtant for n representative of the hiiremi 
to make lui investigo lion of the facte in tl,e cilsc. Tliis ta<;k was 
umlurtaken by Mr. Gerard Fowke. His report indicates that instead 
of dating bocA many thousamk of years, as some had claiineil ** it is 
sate to say that no earthwork, mound, loilgo site, or human’ temea 

along this part of Uio Missouri River has been here as Ion- as 10 
eentunea.” ® 
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The fttutiy iintl unwlyi-Ls of IniliLai music is a subject to wliich the 
bureau has devoted considemble attention during ih^ few jears, 
and there have Bireoily \^n published two hulletius on Cliippewa 
musiCt which have attracted much attention Su the uiusleul world- 
There is now in press an e^ctended account of “Teton Sion?: Music^ 
with transcriptions of 240 songs and a1>out 100 lUustrutiDns; and a 
paper on the music of the Ute Indians is in prepnradon. 

The collection of manuscripts pertoining to American Indians which 
hiis liccn accumulated bj the bureau during the last 30 years now 
numbers about 1,700 Hems, Birimy of these manuscripts have ooiiie to 
iw of priceless valuer comprising as. they do records whidi it would 
be impossible now to duplicate. There woe added to this collcctipn 
during the last year a numl»er of interesting records^ including a 
r^gnna Indian diction [iry, 42 Arapaho and Or os Tent re notelx)oks, 
the war record of “Sitting Bull” deplctcf] In 55 |dctographs, and a 
photostat copy of “A Grammar of the Potfewatomy Language.” 

Tlie bureau i^ied iWD43ulletin% ndd there was in press at the Gov* 
emniriil Printing OBice at the clcis«; of the year the twenty-ninth, 
thirtieth, thirty-firatj niid thirty-second ntmiia] report^ and four 
bulletins. The compktion of several of these worlds is delayed l>y 
the Europeau war^ the aufliors in some cases residing in belligerent 
oormtries. The distribution of ptiblications aggi-egated vol¬ 

umes and pamphlets. Tliore were nijoiit WQ Iwoks added to the 
library^ wliich now numta-.rs 20*237 volumes^ 13,188 pamphlets, olid 
Mveral thousand unliound period icii Is. 

ASTROrilYSTCAL OBSEKVATOEV. 

One of lire principal researches by the AsirophyBical Ol^senatory 
during the pitst year was the continuation of otii^ti^rvidions os to the 
intensity of solar rudhition at variniLs altitudes, with a view^ to deli* 
nitely determine the value of die snlur constant of nidintion. By 
monna of sounding balloons, to which were attached automatic record- 
ing pyrheiiQUietcngj successful records weresccure^l np to a height of 
25*000 meters or alsoiit 15 miles* where the barometric pressure is only 
one twenty-fifth that at sea level. Director AliUit, in his report 
and in a special publication (Smithsonian Miscelhuieniis Collections^ 
Vol. 05^ No. 4, June 12, 1215), reviews Uieohserv lit inns in solar radia* 
tion made at various nltitiules from sea level up to the higlicst prac¬ 
ticable mountain peak (Bifoimt IVliitneyl, thence in a balloon as high 
as man could live, thence to a height of 15 luiles, and concludes that 
the solar constant of radiation is 1.23 calories j^r sipiiire centimeter 
per minute. Dr. Abbot discusses also tlie interesting fact that con- 
gideralde Hucluations of the “solar-coiisstant” values occur froni day 
to day ranging over nearly 10 per cent lietween the extreme timitSi 
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1*81 und i cuiories. In 1013 tKe FEidintion of tho sim was 2.5 ]>er 
c.^tit biilow iho mean* and I per cent id>avc tlic mean m 1014. A 
average value is siiid to be indicntcd for 1915. To concluding Ids re¬ 
port for the year Dr. Abljot says: 

Shart'perloO fluctuntian^ of iieliir fiiiUntluo w^fe iti 1013, bai: [a 

laiiL A^sacinleU with Ihpse adk'k, Ineffolur fluctriathiTvi nTf fuiiotl \nrlatUiiM 
of eoiiimh't of befwtrtai tbo cwnter niiil oilREfl of I ho solar illalt. €urh 

oa^ly DuoujL'h, while arealor cniitmst Ik nssoolutoil with rnillotloa nnil 

with niinkiTirii.-t Kun sjmtii In the i-otis-rul iimrrii of the Kdn*s actUitf, hynstar ma- 
iniKt liKHoolnu-d with grenier sUklnr rmthitloij la the amrch of the IrniOJ- 
liir inErtimfloRN of I he eml^Klcia Tlilfl pnnuloi imiLuEs to two mows of 

Sftllip piMllntloh — tlio hmR perIcHl c1iaa};)e9 may prtibnbly \v cnitKeO by chajigos of 
tho snnV cffpcnve t^mpernnirc ntteoillng the rnoreh of aoliir Hcth'Uy j llie Qulek 
IlitctantliirLH timy be ojKTlljeO ti> ehnaaes of the tmiintiajiviii-y «if the outer E^lur 
ui] iitTlope, 

IXTMRNATIOXAL KXCilAXriES. 

Tliti gpiTations of Lho Irtternntltiiiul Exirlmogc Son icc loivo bf?en 
nect^riirily ('UrtuUed for some montlis because of Dte Etiro[H‘ntt war, 
Tlie Lolul number of patrkages limullut) tluring tltc 3'ear wns ST'tjriO, 
or 05,911 less tbon the year before, ami Ibcir weigbi was 3ft7,834 
]jc)un*ls, a Uecrciise of 109,131 pounds. There has ucnimiilated, more* 
over, a large aumlier of packages awaiting opportunity of shipment, 
particularly to Austria, Btitgium, Bulgaria, Genuanj, Hungary, 
Montenegro, Roumnnin, Russia, Servin, and Turkey, which were en¬ 
tirely si lilt out of the service at tlic dose of the year, alLliougli cor- 
respondenre is in progress to stcilrt! renewal of shipment with some 
of thosit? countries. 

One of the intportant fimctions of this service is the intendiange 
of otficial (lov^rnment duenmenL^ with various countries, resulting 
in the building up of a most impoititnt division of tlie Library of 
Congre^ During the past yeiir there was reccit'cd in tliis connection 
from the Ddnese Government a set of the Imperial Institute of the 
Cbing Dynasty and other vnluabte records aggregoting 0S4 rotuines. 

I'Tfty-six full sets and 36 partial sets of United States olTiriat publb 
cations arc now sent reguluriy to depositories abroad, in accordance 
w ith tren tv sti pu lations am] eongressionn] resolut ions. A I i st of tl irst? 
depositories and detailed statistics of the service arc given in the 
appendix to this rejwi't. 

INTERXATIOXAL CATALOaUE OF SCIEXT’IFIC 
LITERATURE. 

Tlie Smitlisoniim Institution has mlministered the United States 
Rtiri'aij of the liitemtitional t.utnlugiie since its organissntion in llKll 
Thei-u are ;13 of there regional bureaus located in the principal emm- 
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tries with a csentral bureau in Loniion^ where reference ennls are as- 
seml>}od nn^.! publisheil arjniinllj* in IT vtiluiucs corering each bnmcli 
of science. Diiring the pust rear tliere were collected and ckis^ifietl 
in the Smithsonian office nnd sent to London 13 .t^& 6 curds of reference 
to tlie scientific Uienitnre of the United States for the year 1014, t>e- 
sifles 14,027 references for the yejira lOCJfl to or an oggregate of 
2Gdl3 esirdsj loukirig 3'tat349 references to Ameriam literature since 
190L 

Throisg’h a niiniite fsysteni of classification* the efpdviilent of a hrief 
digest of the subject contents of each paper^ tlie likternntional tfiitii- 
logue places l)efore students and inve^igators references to pructi- 
cully all the scientific Uteratiire of the world. 

On acctmnt of the necessarily high cost cif the annual Tolinnes stih' 
script ions to the scries are limited ns n mile to the most important 
hi>lit I Elions and lihrariesT where, hewevem the catatogne is availablo 
to everyone desiring to consiiU this work. 

As in all lines of si^ieniMc work, the European war temporarily in¬ 
terferes with the finances ansi general work of Itio catahigiio ami the 
amount of literiiture prodii<-cd in nio?^ of the countries at war is 
greatly rortailecl. 


NATIONAL ZOOLOfilCAI. VMIK. 

Tliere was addetl to the cdUectiona in the National Zmdogical Park 
during the past _vear a nutuber of interesting nnimalE^ iricltirling 2a 
spe^uea nnt hrforei re[Tresented there- The total accessions nggn^gsited 
4&3. The census of animals on hand June 30, 1013, wj\s 1,307 indi- 
vldnals^ representing 151 difTcrent spedes of niammala, 1^3 of birds, 
and 22 of reptiles* us compared willi 1,3G2 aniimdig on hand July 1^ 
Ibl L The reix^rt of the siJt^erintendeiit of the park^ on. another page, 
records a detLiiled systematic list of all the animals, iitiinbcHng 
mammals^ fiOti bimls, and 72 reptiles. 

, Every year since 1690, wdicn the park was established, many speci¬ 
mens have l3een ri!ceive<l tlirougli the Individnal donations of those 
interesteit in its growth- I*'ort3^-thrce sneh donors during the past 
year contributed 60 nnimals. 

Tlio total numlK>r of visitors was 70t/>30^ an me reuse of aliout 
00,000 over tbe year proceding, and the largest attetidance in the his¬ 
tory of the park* Among the visiters were 3,485 students from vari¬ 
ous schools and dasses an special vieits to the park for Cilucational 
pur]iose& 

llie Btkiiermtendent notes among the impcovemctite of tlie year the 
construction of a cage and shelter house for pumas^ and an out-of- 
donrs inclfw^iin: w ith a small diolter house for a hand of 25 rhi^ns 
monkeys which thrived there well Uiroughoiit the winter. 
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Ni^iir ilie clnise i‘jf (Jio ymr work wus b«giin cm a hosjiUsil and labor- 
iitory building, the urgent nL‘ed of whldi was Boteil in my last 
report. 

In tlio aundrj'^ ciyil aet making appropriivtiona for ilie Jls«*al year 
ending June 30^ 1914^ pmWsioii wns made for the ar^itiisitiori of abutit 
10 acres of land along tlie western l^onndary of the parlc^ but neces- 
Raty legal procfeedings to complete the purchase had not come to a 
dose at the end of the year. 

Among Uie primary objects in establishing the Zoological Park was 
ihe “instruction and recireatloii of the pooph^’^ To this end the 
playgrwmJ departnumt of the Di.^rict of Columbia has l«5cn allowed 
to install sereral pieces of appuTiitUR in a meadow tract wlucfi has 
l>ecome a favorite resort for piernic parties. 

The needs of the pnik becejmt greditor with the growth of the col¬ 
lections and the iiicrertsing popularity of the resort us an altractive 
public institution. The appropiiations from year to while 

suRicient for absolute liiaintenfincej have permitted the coiistr nation 
of but few of such i>ermaneiit buildings sis ai-e netsded for the ade- 
ipiate care of llm animals. Among tlicse urgent tieetb 1 may mentimt 
an itviBry building and u building for the pi-oiier housing of ele¬ 
phants;, hippoi>otatuh and c’ertiiiii other iiniiuulH ikiw sheltered in 
mere tempcirnry cpiarLerR. 

Accompanying the superintendenP^ report is an oiitUno map on 
which are indiciitod d^irable building sites where neces$iary grading 
for that pnri^o^se would pennit the de^mbto filling of certain mvines 
now practically tu^le&L 

NECKOLOrJT. 

THEODORE NTGHOEAS OHJ^ 

Tlieodore NicholaEs fiiU was bom at New York March 2L ISST^ 
and died Jit Washington Septcmljcr 25^ 1914. Tlie following Irihutc 
to his memory was adopted at a meeting of his associates on Sep- 
terol>er 2 D: 

TarBtTK TO THE VIEMORV of DU, nri 4 L 

Thwloffl J^icliolus GSIU masttir of artas^ ilc^or of doctor of phllo*- 

opliy, iloctar lyt laws, ussch^luto la xoology la tla-! Uultnl StiitiM Natlorm] IhiBoani. 
died cit WjiMhlagton, D. SpottHuliar STj, 1014p in the sereDt^-efgbtti year of 1ii>i 
nee. 

His la Dio f^tnUhsonlan Ingtltatlaa uikI Its Itm aches, 

]i 5 wtnt» 1 ei| at a rui-eUiie in hni miMnorj at ihe Natiotuil ain 5 CQD:i oti SepiemlKr 
20, do here rpcoo] tlielr dK?p mrraw In Uie loss ut ii aincem frlenil, profoaod 
icliolQr, oivo of Atnerlca^^ foicmo^ mea of ac^nce^ imu one nf^kially cuanected 
with tlie Boiltti^oninn liHtitnU^>n in vnrlnos capadtlea for innre than half u 
ccnlury, 

Traiaecl In private Mhoolff ami hy RpKla! tutora So Now York City, he 4 firly 
acvitilriHl ft love for afituial ndiMoo wklcU ho mado his life work, rlalna ta the 
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tnak In thff of sfooloKr^ nml ihruiisti hiw iTltlctil jfhidlt^ ndillPif 
ETPEitly t» the mm of ImtEieiii l^noitvi^isjc. 

As ODD of the founflerfei of thi! Ctisiinwf Club; an ii professsor 111 ttie Colun^bliin 
(now Llio Cif?ori^ WaHliIngton) UalTersIty for luore th»n Tift raembet 

of tho AnK^rlLtiTi Ai^fiocliitlan for tivc ALlvftncemeitt of Sci-B&ce, tbo rhlb>s4>pTilmL 
S?4w3trty+ tlio Nutloiml Acnilemy of l^elcnoea, nnd of many othor sclcmtlflc soclo- 
tiofi in tlio Uoited KUitcs nnd forulgn lundB, Dr. Gill vras most highly Gstccmetl 
anil wliJely kniiiwii tu hlDloglsbi UirDugliniit the wurkl an n mun of 
unil uocqruito learning, pirtloularlj In the study of liEii Epodaity, lolLtliyolc^. A 
nmu ml phenomentil inumoryv rnmlllBir with r£iun>' Imiguages; lie wns n verltolile 
of acdonoo and knew how fo make plain to the layiuan its technical 
pbrtLsoulofQV Ho wem a oonstiuit and willing sourte of InfonniiUnu and in- 
jqilmtlon to nil who souglit hla rM In profosKloiinl stqdiESL 
Through devotion lo his ehoson calling nnd hla genial dl?;p4>sitlon Dn Clll 
hoB loft to his OBSociutt^ a cherished nieniary and n hrilllant exampTe worthy 
of einnlatloiL 


WlIdJASr WOODVTI.rJ3 nOCKHILT^ 

Willinm Wood v'i Ilf! Rooldiillf fortner atnbai^acldr to Rimin^ Tur¬ 
key, unil other t^juntrieis, one who lutd ably filled ninny other im¬ 
portant cliptomatie imsition^ in Chimii Korea-, and ebcwhere, and 
had served as Assistant Secrelary of State, was Ixim in Philadelphia 
in 1S54 And dierl in Tlonoluhi, Decemlwr S, 19i-L From IflBS to ISOiS 
he condiicteit two scientific missions to China, Monffolia, and Til>et 
under the auspices of the Smitlisonian Institution, resulting in n 
large accumiiliition of most interesting and iin]iortaiit. data Wjsriog 
on the hnbits and customs particularly of the then little-known 
Tiljetaiis. !&Iodi nf this valualile information was enihodiefl in hi& 
Diiiry of a Journey thniugli ^lotigolia and Tibet ” piiblijthed by tlie 
Instilntion. To Iho National Mtiseum cfillections he added a large 
Limount of ethnological material resulting from hi^i journeys- Mj% 
Kockliill ivaa intensely devoted to oriental study and hud lieen a con¬ 
stant co1Uda>rator of the ^iiiithsiiniim Institution throughout ud bts 
oQleial cniri‘«r. At the time of his death he was eu route to assume his 
duties as OnaJicial adviser to the Chinese Ciorermnent. 

]le^t>ectfully submitted^ 


CiiAitLEs I). Walcott, 


APPEyDTX 1. 

■ 

REPORT ON THE UNITED STATES NATIONAL fttUSEUM. 

Sm; 1 havie tlit honor to ^bmii the following report on the oiieru- 
tinn^s of tho United States Kntiotiut Mii^aeutii for Uie fiscal year enJ- 
iiig June 1015: 

i^THOPlrCTOEIT. 

To tho lust two reporla the generp] and nmingemeht of tho 

public collections in all departments were brioHy reviewinL Since 
then the exhibits of anthro]Hilog)^, biology, and geology in the new 
building ha VO undergone few mater ini ehjuigpst though they have 
received many miportant additions and tlierc Ixm been an improve- 
nient in the condition of n. large number of specimens wbicli needed 
renovation- It luiving bcKome necessary to provide a place for tlie 
larger whole skeletons, wditcb wero not transfer red at the tbue of 
tlie general moving of the zoological coUcetions^ the somtlr Iiall in the 
Si^eond story of tlic west whtg, proviowsly assigned to in urine in- 
vertel>rntcs, was allotted to this purpose and the invcrtebnites wore 
taken to the north side of llie hiiihling on the same lloor. Tlie 
installalinns neee^tated hy these changes w'ere in progress at the 
elc^ of the year, 

Tlic nccomiiiodations affordcfd hy the improvised picture gallery 
in lilt? notiJi n^nin hall have been entirely outgrown am! tlie point 
has reached where the pamtmgs must las so crowded fts to 
utterly disdroy their effect. There is no other suitable limtion to 
which tills important collection can be extended and would-be con- 
tributora find no cucnurngenjcnt in tlie conditions. Tliu tiitie him 
certainly arrived when serious consideration sliould lie given towartl 
jimviding proper meiins for sheltering utid displaying the art treos- 
nrt^ of the ^tiiseurii, in w^hich connection the interests uf the Na¬ 
tional Gallery of Art elto vitally nt stake. 

The work of renovation of the main hall in tho Smithsonian 
bniliiing. which continued throughout the year, preventc?d the exi> 
cut ion of Uie proposiid plans for the enlargement and improveaient 
uf tlie e,xhibitif>n series of the graphic arts. In the nltkr WiisiMim 
hnihling ihe iiudalbiions, especially in the recently reorganlsred di- 
visiijjw, s4U*aJily [irogrcijsed wiUi very measurable advaneemenL In 
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LUo UivkiOii of textiles iiiuelL niEiteriiil wiia tiddchl, ninnj gsipi^ wirfi? 
filled, iind fiutiiotftus nmel fputiinsi were jTiimdiiceil. Iji minoen] 
techiinliigj'j wljcii! the cojislniction of modeb makesa progress 
ilio nuiDber of edmprehengive edueutiDnul features wiis tievertlirless 
coiisitlcrEibiy increascil.aiit] so many nsorcare in cotirsoof preparation 
that tuiother year should see a wide repreaeotation of the iiuij}etis 
coTemJ. Toward tlie end of the year st sect ion of w^xkI tecluiology 
wiia estahli^Ted with the cnaiti objeet of setting forth in a manner to 
satisfy the artisan and the public tlie qualities and sources of the 
hoikIs avail able for any parjwse to which that material is put* It 
is not doubted that a creditable collection can soon \ye gathered. 

The additions to the collections^ comprised in IjISl ncces^tonSf 
aggregated approsirmitixly ilO-bsht? apccinienSf which were chtssilied 
iizid assigiiiMi Eis follows: AnLliroi>ologyT IBiltO; sixadogy, iOI^JhJS; 
lMjtany^51^95; geology’ and miHcralogyi4Xifi3| ppleontology, 1204)31; 
textiles and animal and vegetable products^ 1^511; mineral tcohool- 
ogi', ; National Galleiy of Art^ 122* IjfMins for exliibitinn were 
also received to the exteot of iJtJO articles^ ootiaiiding of paintings 
El nil sculptures, laces* ctnbVoldcrica and tapestries, cofFtumes and 
otlier historical objects, ethnological ifpeciuicns* etc- The itumber 
of lots of material sent m for examination and report nmountCiLl to 
TtK). of which about 61 per cent were geological and 28 per cent 
xwlogicaL 

Arnc}ng the more important gxttM to the division of ethnology wen? 
a largo series of old «)apanese iirl, ossi-iuliJed aljont SSO ycarH ago hy 
the late Crawford Lyon and presented by the Lyon; a col- 

Irctiozi of Iiashets, hark eloth^ swonl hilts in pruce^ of timkitig^ 
quivers for idowgmi darts, musical instnimentsy and other objects^ 
gathered in Dutch Borneo by Sir, IL C. Raven, and donated liy Dr* 
\\\ Is. Abl>ott; examples of modem Egyptian clothing contiibiUefl 
by Jlr. IIerl>crt E, Wlnlock; arid lutercftiing aitidea from tlie Plains 
Indiana, which twlonged to the late ^hij* tScorgo Henry Palmer, 
Pniled StaU*s AiTay, presented by Mrs, Palmer, A vnUialilc Bericfs 
of musical iiistruinents, household aiiiclcs, toob, nod other objects 
from tlie Ute Indians of the Uintah and Ouray Reservation, south- 
eastern ITtah, was purchased. The loons comprised objects frcuii 
southern hfindauDO, P. L, Abyssinia^ Japan, China, Egypt^ and 
Enrnpir, 

The principal acccssicm in American archeology was 5ecnre<l 
through the cooperntion of the Smithfionian Institution witli the 
maniigement of the Panama-Cnlifomia Exposition utSan Diego, and 
comprbicd important series of implements and other objects of stone? 


30 AS'NtTAL HEiH>BT SAllTllMtSIAS iJfSTlTrTIOS, Kllj, 

uietal. nml terra cotta from various locntities in tli« Ifnititl States 
iind Mfiico. Miiriy siiwimens of like nature from the same countries 
were afeo received iu exchange from the Natiirhistoi-isdta Kiksiimseum 
at Stockliolm, unci the Baresiu of Americiin Ethnology tninsmitted a 
<innntity of pottery displaying a distinct type of decoration from 
the lower Mimbres Valley, N. ilex, A banner stone of rose quartz, 
a very rentarkuhlc Tndiun relic iiml prolwibly one of tbo finest ex¬ 
amples of its kind yet brought to light, from Wooilniir t’oiinty, Ark*, 
and one image of gold ancl two of gilded copper from Chlriqni, 
Ihinaimi, were purchnsed, Tbe principal gifts cemsisted of u notable 
Jade as from -Vita Verapa^, fliiatemaln, a small atone celt from 
AtiiiHcliRpun, San Salvador, and a day lignnne from Tepecoyo, in 
tbe ffl i iTie enuntry, presented by Mr. Emilio Mosonyi.of San Salvador, 
nut] u pottery vase from a inotind in ilarion Conuty, Tenu., con- 
trihuted by ilr. Clarence B. iloore. 

Tn f)!d IVorhi nroheologA' tbere were only two relatively importHiit 
ueetn^'ions. Tbe first, an exehauga from Dr. Itiitol, ttf the Iloyal 
ilusetini of Xiitural Tlistoiy at Brussels, consisted of tMJ Neolitbie 
stone implements from Belgium, re[>resentiiig the first epoch of pnl- 
Ldtetl stone culture In Europe, ^own as tbe Spiennian"; the sec¬ 
ond, a gift from Mr. Herbert E, Clark, of .Terusaleiu, uf 10 stone 
implements, forming a valuable addition to the present collection 
from rttlestinc- 

'TIh* more impoitaut contributions in physical atitbro|>ology com¬ 
prised skeletal material fr^mi n Minsi burial place nn Uie dcrscy 
side of the Beluwnre ISivcr, il miles beW .Montugne, X. J., one 
of tbe most conipletu and carefully rccoixled collectioiiB of such 
sptH'iraeiis so far aciiuircd, from Mr. George U. Heye, of Xew York; 
aiinilur iitAterial from Alabama and Tennessee, from Mr. Clarence B. 
Mwire; eight prehLstoric skeletons and four skulls from Bohemia, 
from Prof. J. ^Tatlegka, of the University of Frugue; and thi’ue 
nearly complete und four partial buman skeletons, from Montana, 
collected by Mr. C. AV. Gilmore, of the Mntieiim stafT. 

The electrical collections were cnricbccl by n moi?t noteworthy 
gift from Dr. .iVJexantkr Graham Bell, consisting of 280 pieces of 
esiHwliiicntiil phonographic apparatus and several relics conncctcrl 
with the early bh^tory of the telephone. Under a speebl act of 
Congrcffi, the Cotuft and Oetxletic Survey transferred a largo munlicr 
of antiquated surveying instruments which are now of much his¬ 
torical importance;, and a quantity of guns needed to fill gaps In the 
collcdion were deposited by tbe Navy and War Departments. Of 
i^pecittl interest is a guEolinu automobile of ISdU, presented by the 
Olds 3tf<itor Works. 

Tha section of musical iiistniments miuved during the year such a 
coutribution as places its collection among the most notable of the 
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kind in the ’fverhL TJie gift c\iim from AIf. Hugo \Vordi, of Witsli- 
iugtotii D. i\ ffc vstudi'Ui of the histoir the ptuDoforte in Aiucricnj 
who hm been Ai^seiubliDg n willectioji of these iii^itnicneuta, which he 
offered to the Alusoum in order to provide for their [permanent 
preferV 21 tjon. While siecomiriochilioiis for the entire sitnf?s miij not 
be founds lO instruments havi-r idrcjidy been delivered, the sekctkui 
following lines to li*st illustrute the prggre^ and development in 
pmno nialdog down to al>out 1B50+ Too much praise can not be 
accorded AIz'« Woreh for this spleiidifl domition^ wdijch now includes 
24 esninples of Eiiropt^an make and W of American imike. Witli few 
esceptious, the liitter jire the product of umnafactttn'rs in Philadel¬ 
phia, New Yorkp Balt ini ore, iind Botton* and represent, Eiinong 
others, the fiiioies of Tuw;?, x\l]ii-echti Ilarper, Geib, Ivearsing, Lt>iid, 
Hi^ky, Osborne, Nimns, i^oodrieh, Stewart, C’hickeriiigT Aleyur, Bab¬ 
cock, and Wise» The earliest nf the American pianos is of date al>Diit 
II'SO niid of the I'kimpeari alKiiit 17T0^ While in moat Coscsi tlie ex¬ 
amples are nu longer in plEiying £din[>e, the mechaiiisui is preserved, 
and some miniiiri in excel lent omdithm- 

Ill the section of ceramics Lhe more ncttewmrthy additions con- 
msted of two hiano, one iticluding an old poralaiii rice howl and a 
tea set of cloisonne on rvorcelaiu front Miss Jutia tl. Cluidwick, the 
other lacing a cqUeclion of Chinese and ilapancse porcelains from 
iliss Eliza IL SL-idfuore. The division of gnij?hic arts receiv^Hl 
ft large iiunil^cr of s|U2cimciis mainly required for filling gaps in the 
collect JortB. uiitong tlie mure impoH^ini hidrig illtLsI rat ions of n proci^ 
for color printing fm^m photograplis anti of llio rapid rotary In- 
LagHti proriMS, besides iruiiiy examples of liiliographs, collotypes, 
and other prints. 

The atiditinns to the menioriat eollectjou of xiuiericun history were 
DumcrDiis and nf great variciy, I lie mtist impprt 2 Lnt being loans, in 
which were ineludcij u wiitcr-cohir portrait of Woyliington by James 
Peole; articles of iniliiary tK|uipi£icnt carric^l by Capt* Williitm Wal¬ 
ton tiiiring the War of the Kcvolmion; a silver tea $crvice of five 
[deces citioc the prviperty of Liiuni Wolcou, daiigliier of Uliver 
Wolcfott, a Signer of the Declaration of Independence i a pair of gold 
and jeivckil earrings formerly Iwlonging to Mrs. Reljccca ALidison, 
niiifce of President Madis^m; imrl three gold medals and one of 
bronze iKlded ttj the collection of Rear Admiral Roljert E* Peaiy, 
United Stutes Xav}^ There wjis ako a Large contribution of silver 
Bn<] bronze coina of the nincteentli century, issues of the Uuitoil 
Stales and ^vernl foreign c*ountricsj and tlie collection of postage 
stauq^s, envelo|>es, and post carda vvaa very materhiUy increasciL 

The exhibititm of historical c^^stumes was greatly increuse^l Imth by 
gift mid loan, iimst mdeworthy being flpprtjprbtc rtifrtiimes for repre- 
gating four adiUtionol presidential adminiatrations at the BTiito 
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liDMisc. Tb« ciirUcsi of tlic^ lielong^id to Betty Ttiylor, ilouglitcr of 
President Zachary Taylor, ISlD-im Th« oext, a lavender silk dross, 
was worn at the WTiitc House by ^Irs. B^illmore; wife of President 
Millard Fillmore, 1850-165S. Tho third, a black moii^ was worn 
hy Mra. Pierce on the oocaaion of tho hiaugaralion of her Uui^haiid, 
I'nsnklin Pierce, March 4, 1853, Tlie last, a pale-g™n lirociitlo, was 
\mil by Mra. Cleveland during tlie first adtuinistration of President 
ckveiaiui, 

In the section of art textiles the acquieitiemB, all loans, comprised 
over lOQ pieces of lace, l>csidea embroideries, broeaulcss, velvety tiipcs- 
tries, etc- Six tapestries of great beauty and value were ali^j lent for 
u diort pericKl by Messrs, P. W* French & Co,, of New York, The 
looni containing this collection w as cjitirely renovoted mid reptiinted, 
the materials were also for the most part rearranged, and w^here 
necessary new' and moi'c effective backgrounds Avera substituted, 

^Vs during many siiceessive years, the Museum was mdebted to Dr. 
W, I* Abljcjtl for large collections of the higher unbunls, one made 
at his e^tpeiise in Dutdi East Borneo hy Mr. If, C, Raven;, tlie otlieri 
com posed entirely of mammals, cjbtalned by himself in KiisUmirp Of 
no IcsH iDiportanee was a collection from tlie northwest coast of Cuba, 
^Lired during an expedition by Mr* John Hcndersorij coinpriKing 
at least 10,01)0 mollusks and other invertebrates, nearly S^OOO fifibt^, 
find many reptiles ami butnieluans. nie Bureau of Fisheries made 
extensive deposits of marine invertebrate^ and Ibhes; und Mr, Arthur 
de C, Sowerby continued to transmit valuable series of vertubratcH and 
insects from little known districts in Chinn. Birds, reptiles, f^atra¬ 
ck Lons, fishes, and mnrtne invertebrates from PanariuL were contrib¬ 
uted by Mr. Jiirnes Zetek^ x>lants an<l marine iiivertebnitcs in hirge 
iiiinilHirs hj die Carnegie Institution of Washington; and animals of 
Viirious groups by the Biolcigical Survey, 

Besides thoso above mentioned, interesting collections of lilrds were 
receiveil from Frcuador and AuBtrulia. A iuiii|iiti accession consisted 
of the last of the pair of pasenger pigeons Avliich luid licen so long 
preserved In tlie Cincinnati Zonlogica! Cardens* and whose fletith sig- 
nnlized the aliimkite extinction of this reJuarkahk form. Additiniuil 
specimens of reptiles and liatmchians were fkhtained from Texas^ Cali¬ 
fornia, Mexico, and BLiluchistmi; and of fishes from the Philippine 
Islands, Fornu^sa, and Panama, 

Tlio most notable eontriluition of mollustis was a gift fr<jm Mr, 
John B. Hcndci'son of a very large collection of selected and gen- 
erjilly iilondfied specinieo^ assembled from practinilly evcjy part of 
the world. Eight separate transfers of invertebrates by the Bureau 
of Fisheries were of much scientific value. Four of these consibied of 
material that had studied and dei^crilied and therefore contained 
nmuerouii tyj^e q>ccimenii, and the remainder of new collections from 
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i-iirveys of the steiiiner uii the Pncilie coiipt 

Tlirou^h tlie courtesy of the Piimegie Tn^titiition of Washington, 
ulioiit 1.000 specmierifi of eorals from the Hahania Islands and 
Kloridii^ p 30O speclnieii^ from Auf-irulia^ and many other marine forms 
were ncquircii- TTie Bureau of Entoiiinlogi' was tha pr end pal con¬ 
tributor of in^tSt^vhieh Wlofiged mainly to the Ilyrneiioptera. nip- 
teru. and OJonata. Peruvinn Dipteni to the ntimber of over 3,000. 
Icicles wvend hundml preparalionSt wero preiiflnted hy Dr. C. IL T. 
Towiisend? and Hiimerous wasps and other Insects, by Dr- T- D, A. 
Cockorelh Two other unpnrtant colleetions. consisting of Coleoptera 
and Hymenoptera* were received frera Copenhagen. 

llm number of plants received was greater than in any of the pre¬ 
vious 10 j^enrs c^Ec^pt If'IS. Nearly one-fourth wem dept^sUctl by the 
Department of AgrtciiUure, induding 7^00 specimens of grasses^ uf 
wliicli the larger part will be distributefl in ^dLA tts scientific cstablidi- 
ment^ Two c*ther note worthy colhxrtionB frtvni tlio same department 
coasi^tod of plianerognins fnym the weftem ITnitod States ami west¬ 
ern C unadu. Tiuportunt accessions otherwise olitiiined came fmin the 
West Indies, the Philippine Lslnfiitfe, fltina, the Canary Lslandar 
west*?rti South Aiiiericii. ifeiico, und scverid of tlie States. 

ThnugU tlic acc^ions in geology were not extensiive. they fur* 
nkhed a cotUaidernhle vnriety of valuable material. A collect ion 
from the Oeologicul Survey was Hhistifitive of the economic phasos 
of tlio feldspar deposits of the United Individual gifts cotu- 

prij^e^l ticellont specimens of ferberite-bearing pegmatite frcmi Ari- 
zomi; tungbien ore and ri^oelhcdicarliig Fumlstone from Color a du; 
and tii .sample of ferro-YAiiadiTitn made from patronitc ores of Minns- 
rngm, Peru: besides several slabs of marble for the exhibition seri^ 
of otmamentnl stones. The meteorite collection was enricheil by 
snpedioeaa from 13 falls* oi^tained by gift, exchange, and purchase, 
to whidi may. bo nddecl fragmciits of 1:^ meteorites deposited l>y the 
National Ac^dwiiy of Sciences. 

Tlie most important single accession in minerulogj' consistetl of 
Severn! himdred specimens of tuinemls and rut stones, itiduding a 
suite of iinifiue fitaatic cr3"stnlbi from an exhausted locality at Bridge- 
water-, Pa., micivod he a Ijciiuest from the late Brig. Gen, AYilliani TL 
Forvv'onc!;^ United States Army. Among the transfers from the 
Gaoloi^cal Survey were vnrioms lots 4if gtin inineraK in Iwth rough 
and cut form, mcluding many specinientt of exceptional valuot con¬ 
sisting for the most part of types of new species, or restmlied euuI 
rtMlet^erilied material from new localities. From several other sources 
ran? nnd intereEting examples were also olitained, such sus one of tlie 
largv*^^t known nuggets of osmiricliuiii, large crystals of pheujicite, 
tarbuttUo. roepperite, pseiidonmrphs from the Blue .lay ropper 
Mincj srheelile, large rbodonites, etc. The additions in petrology 
1S51S“—»iM 1015-3 
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consisted* as ukufiIi largely of fsludiecl miitcrjaK i^presenting folio 
depnwte^i by the Oeologiea! Survey. ^lentioji hlioiilil nlso l>e 
made of nil intei'estmg eoUe<dioji of oi^skltans from Iceland, pre- 
Bcnletl by Dr. F. E. IVright^ suiil Llht^irating hisirtuTlies on the oi"igin 
of fiiphendilic structure. 

An estensive series of Dcvottian fo^lLst represendng the lifelong 
c^illecting of Prof- Henry Sbiiler WjIliiiinSj, and indudlng riniriy 
faiinais not pi'Gvioii&ly reprcseotA^l in the Miiseiiiin fonned ihe liirge^i 
jirnl most imiHirtniii iicct^ssion in invertebnite [>iikontology. It wais 
Irtinsferred by the Geological Survey^ whicli also dofjositeil nearly 
i500 Kperiiiiens of type and other uionograpliid materia]. Other large 
ac-ipii.^titiotifl ronsiirtetl of alaait 5^000 s[*eciuiens of Eiiropeiin Pziteo- 
sSfjK- and Me^so^ule fo^lsj isoniu IhOOO specimens of Ordoviciaii and 
Silurian fcjsaiih^ from lUinnk. TnJbni^ and Kentucky; and about 
fijOOO Catnltrian f«jssily from tldna. A series of Mesozoic spcjiiges 
from Germany is uspeciafly adzipted for exhibition purposes, us is 
also tv hiTge slab ton taming numerous Devonian glass siKiDgcs from 
Kew York. Additional specimens from the cave dejKJsit at Ciun- 
Wland. Md., referred to in previous reixirts^ comprising 15 more itr 
less cfiniplete skulls und other fragmental niateriah were obtained 
Uirtingli the generous financial aid of 'Mr. John Ilejiderson. 
Portions of a inastodon diseovered at WinamsiCj InJ., indicate the 
exi-^icnee at that place of a more or less complete skeletonj which the 
TMiLscutii Ims obtained pernnssion to leiXeavute* Other important con- 
irihutions include 30 dtnesaiirian skin plates from the Lzince forma¬ 
tion in Wyoming! a compcjsite akeleton of a dog, and three skulls 
anil lower jfiwSj from the Hancho Lii Brea asphalt deposits at LfOa 
Anptrlefi* Cal; and ti largo part of the skeleton of the extinct swim- 
intiig reptile, Mofftisaurus, from Jfontana. 

The division of textiles received so many and such variety of Jiddi- 
tions as to render an adequate sunmiation impossible within the 
eotnpfli^ of this refJOi't. Of piirticuhir [lopular interest is a of 

niacldnES fur ginning, drawing, spinning, and w euvmg cotton, which 
it is intended, in part at least, to provide with motive power so ixs 
lo 1 m: able to actually demonstnitc te the public the processes of iiianii- 
factnre from the raw material to the finished jirodiict. Tlie processes 
in the nmnufadtnte of worsted gtxrfhs and of carded woolen Fabrics 
are also fully illustrated Uy a large series of specimens. Besides 
standard goods of cotton. wcH>h silk, etc,, the contrilmtions include 
a great aiTay uf s]a?cialties and novelties, materials recently placed 
upon the market, or to be, in satbfKctioa of the everdnereoainf^ 
demand for new stuffs and new putterns. Printeil cotton goudj 
priotwl cotton draperies, upholstery fabrics; pile fabrics for dre^ and 
decorative indnding licautifuj examples of artificial furs- 

hroi'adcil drcisi rilks for Uie fall season of 1915, new printed satim 
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pongees, tiiSSEih silks, trinuning tiilks^ fircsa «iLks in Mexicjin 

and IndiEUi dusigns; crept^s^ itnd diUTons deairittcd Ipy iiieiiiii> 

of sprjiy printing; machine ^nd liiuid made iuces; embroidered and 
brocaded Cliinese siU^; Cashmere slmwls; LhemntiufactMre of Amer¬ 
ican rugs; oilclotlis~tlif!se and inaiiy a^iinplosj of other goods were 
all Avell represented in tlie ncce^ions of the year. Additions were 
also iceeivod lor the liistorical collection of textile Jiiiieliiuery^ in¬ 
cluding ^^overai early upplinnees murking iniportani stages in the 
dcrclopmcnt of the iiuliietjry^ 

FcjUowing the plans outlinetl in a previous re^Kirt, the work of 
piX'paring exhibits in rnmend teditinlogy activeW rairrled om 

'Hie principal oneS| iDcIudlng mcxlels Eiud protluct^ itoitalled during 
the year were Illustrative of the occurrence^ tuiningj and treatmeJit of 
rock salt for the mantilacture of eodiimi compounds by the Solray 
FitKreiSj Co ^5 of SyracauiCt Y,; tlie manufacture of gla&& additional 
to the models received the previous year^ from tim ^iacbeth-EvaiiM 
t’o.; tliG processes employed in the manufacture of gv'psum as n 
building ujaterlul at OjikfieU, X. Y,; the manufacture of mica pkte 
by n pnjcGSis whidi permit the uiilkatinn of what wos formerly 
tJirown away as wuste; tiic occurreucOa derivation^ and adaptability 
of abrading materiaU; asbestos fiber and the manufacture of asbestos 
products; st Uy-pitKluct coke furnace^ iin operation^ and products; 
and the manufacture of graphite and its industrial producte^ 

THE ^"ATIONAJ. GALLERY OP ART. 

By a supplemental transfer executed in January^ IDiSjthe splendid 
gift of lifr. Charles L. Frcer^ of Detroit. Mich., was increased by 
liO articles^ of which 3 arc American and 103 orientaL The Anicri- 
caii works ci>rEiprise 1 oil painling by Dwight W. Trynn^ 1 oil paint- 
ing nod 2 silver points by Thomas W* Dewing, mid 3 drawings a he) 
sketebes and 1 Htliograph by James McXcill Whistler The oriental 
oltjects consist of 43 (]:iilni.*sc and 7 Japamsepainriugs* mainly panels, 
kukemono, and niakimonoi 14 pieces of pottery, of which ^3 are 
Chinese and 1 each Bakka and Raglies; and 24 ]>iei:C4^ of jade, {» 
eeulptures in sitone, and 9 bronzes, all Chinese, By this additi<m 
the Freer collection now aggregates -b&ll items of American and 
oriental art 

The otl^cr iicrmanent nc^iukitions iiuudiei-ed 13, of which the prin¬ 
cipal clonor, as heretofore^ was William T, Evans, of J^ew York, 
who contributed 4 paintings and 1 bronze, namely; **Moonri5c iit 
Ogimquit.,’^ by H. Hobart Nichols; ^Portrait of Mrs. Willittm 
Evans and Sout"' by Henry Oliver ^klker; ^Portrait of William T. 
Evans,'" by Wyatt Eaton; “Portrait of Wyatt Eaton/^ by J, Alden 
Weir; and n bronzo bust inscribed “WUJiajn Thomas Evans 
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MC.Ml V" i>r -T. Scott Hartley. The furth<?r contribntiima were as 
follows:-‘AVoodec] Landscape" oil painllufj, by Samutl Mam^ 
ret-eivcrl from the estate of the artist in nct'ordanca with his wish; 
‘‘Fislier Girl of Pieardy;' «il piiintinp, by Klijajlwth Xoursci pre¬ 
sented hy Jfrs. Elkabetb Pilling, of \Vashington. in memory of 
her husband, the late John Walter Pilling; “Full Moon,” & land¬ 
scape at IJniache, Chile, oil painting, by Alfredo llelshy, presented 
by the Embassy of t.liile at Wasbin^on; tJic original plaster model 
of iho bnmJso equestrian statue of Lafayette, by Paul Bartlett, 
erected in the St|uora of tho Lotiv re, Paris, Franco, in 11)00, ae b testi- 
uiuniul from the school children of the United States, prescutwi Ivy 
the tiitUt; a lironKe bust, boroie siitc. of Viscount Bryoe, foriBcrly 
ambassador of Great Britain to the United Klatis, by Henry Hudson 
Kitson, presented by the artist; a fiilblength statito of Uie goddess 
Siippho, in white marble, typifying the Muse of Poetry', modeled Iw- 
tween 1865 and ISTO by Viniiie Keani Hnsic and presented hy Brig. 
Gen. liicliard Ij. Hoxie, United States Army (retired); and the origi- 
uiil plaster cast of the istntue of nie Falling Gladiator, by Ti\illiaiiT 
Kimnier. presented by liis daughter, Miss Caroline Hnnt Rimmer, 

The loans to the Gallery aggregat«l 121 paintings, 3 bronzes, and 2 
plaster costs, received from 14 famrees. Included in the paintings 
were 27 piirt rails by 23 artists, forming a Special loan exhibition on 
behalf of Tho National Association of Portrait Painters, which was 
held from March 6 to April 7, ISlft, u s|vecinl view by invitation Iveing 
given on tlie first evening. This exhibition- like the corresponding 
one of the year lieforii, wob cs[]ei‘iiiUy noteworthy. 

MEKTiNaS. (XJXGHESSES, A^’TJ SrWtAl. EXHIUJTlONi?. 

The facilities nlforded by the new building for meetings, lectures, 
and congrcises were exlensively itliltBefl. The 'Washington Society of 
the Fine Aits continncjd its lecture courses, which, as customary, were 
divided into three series, one being on “The art of to-duy," nntither 
on **Tbc decomtive art.**,” and the third on “The romantic period of 
music,” Seven interesting lectures on various sclentllic snhjccte were 
given, five under the auspices of the Washington Academy of 
Sciences, and two under the joint auspices of the saiiic organteation 
and the Biological Society of Washington. The Washington Society 
of the An'hneologicol Instituta of America providnl two leidnrcs, as 
did also the Audulmn Society of the District of Columbia. 

The Xotioiial Aendemy of Sciences during its regular annual 
nit>eting in .Vpril iu=e<l the auditorium for its public sessions, which 
included two lectures under the Willinm Ellery Hale foimdotion, ami 
also held a conrprsnzione in the picture gallery and rotunda. Tlic 
annual meeting of The Auierie.in Fldieries Society took place in Sep- 
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twnber ftrifJ 0(?tf>ijC3% in the sroiirscii tif whii-li two Ift'itures on iUe iui!- 
nion industry of the Patifii^ iJlustnUtHl hy moving pLi^tiire^j 

were given. Accomrnofliitjohs were fnmiiihcHi for two conventioii^. 
Ttie first was the tw'elftli unnun] eooveniion of the XnLionul Rurul 
iMtQr Carriers’ Aisjoeiutioiij held in AiiguM, and the second a joint 
c50fivention of postmasters from Delaware. Marylftnd, Virginia, and 
Nortli and South Carolina^ which met in October. Two ^[>ccial ex¬ 
hibitions of cxccptiona! intereyt on July 10, consi^steil of ilbistra- 
tjons of marine life l)elow“ the surface of the sea at the Bahama Ts- 
lands by means of moving pictures. The films were the first of their 
kitui known to have l>een taken, and this wa.s the first occasion of their 
public dispbij, arranged through tlio courte&y of the Submarine Film 
Corporation. 

Two receptionE wei'O given by the Regents and Secretivry of the 
Institution, tJie first, on April 17^ in Itonor of tho Xationnl Society of 
thy Daughters of the American Eevolution, the second, on JIiw IS, to 
the delegates to Tlio Amcricaii Federation of Art^ then in session in 
the cit\\ The auditorium and other i^ms w^cre used on n niimlier of 
ocxaiEiims by branches of the Department of Agriculture for hearings 
and meetings, including a series of 1*2 Saturday leetiires under the 
auspices of the Bureau of Plant Industry. 

Outside of the Xalioniil Gallery of -Irt, tlia onh^ six^clal loan exhi¬ 
bition of importance held during the year was one iis^ifililcd under 
the auspices of The American Fedei^tioo of Arts. Il relates wholly 
to industrial art in the United States, was opened on May 13^ and 
will continue imtil tho middle of September of the current 3 "cnr. 
Favriri.'nl iiy a vorj* large niiml>er of contributors, Including luanu- 
fiictnrcrs* craftsmen, artists^ aiui school^ it has proved one of tin? 

notable displays of its kiml ever hold in tliis c^mntry, and^ while 
not chuzning to l>e completei it ts romarkiibl_v ctimprehensive and rc|i- 
reset! tat ive. Tho stand it rd upheld isestn^mely high, and two tilings 
are especially emphasised—the value of l>eiiuty in design and the fine 
quidlty of urtisfic products how lieing made in America. 

The Jtizsouni is participating in the two California expr^aitions, 
which, beginning in Januaiw and February, renpeeUrely, will eontimie 
until the close of the calendar year 1915. For preparing Government 
exhibits to laj shown at the larger of tJiese, the Panama-Pacific Inter¬ 
national Exposition «t Sun Fnincisco, Congress gave $500,000, of 
which anmunt the small and iritideqiiate sum of !^23,T5t) \vm allotled 
to the SmithEonkn Institntiun and its benches. The repre- 
Eentalive of tliese, by designation of the Sccretnrj^ is Mr. W. Je C 
Raveneh administmtive assistant of tiie SIuLseunu 'Die display made 
by tlie ilii-^um has, in view of tlie circumstance, t>cen almost entin^ty 
rcaitric'icd to ethnology , of which the most prominent features nre 
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four large fnmil.v jnxuipSj rcprt'seoting the AlafjkLiiii I:!iikitno« the 
2u]ii*Kallir of BOiiUiem Afri™, the Caribs of RrUish fluinnu, and the 
Dyafas of Borneo. These are siippleitieiit(!d by a aeries of 10 aborigi- 
Dul (brelling groupa, a large collection of artifacta, and sevml sy¬ 
noptic series illiistratiiig the tiistoi^ of fire tnjiking and illiiinination. 
the jackknife, the saw, the spindle and aliuttlef and the haftiHl and 
perforated stone as* Outside of ethnology the otdy malerlal exhibit 
is a splendid group of the common elk, or wapiti, of the Kocky lloun- 
tain region, comprising male, femiiTe, and young, hut the impurtniit 
!Museum csLiblts in anthropology, biology, and geology are repre¬ 
sented by means of an eslensive scries of lantern slides for use with 
t h e ste reomotorgr El ph. 

Wliilc the Ponuma-Californiii Esppsilion at San Diego received no 
aid from the Govemment. the Museum was enabled to take part and 
also to derive considerable benefit tliroijgb a cnojjerative aiTiingement 
between the nianngenient of the exposition and tlie Smithsonian Insti¬ 
tution, whereby the hitter assiimeil chnrge of the Eissaenddiiig am I 
in*staihitioo of an exhibit of physical anthropology and another illiis- 
(.rating certain important industries of the American idwrigiues. The 
expenses were entirely defrayed by tlic exposition company, which 
allutted ^T,000 for the foi'mer subject ami $S,000 for the latter. 
Prepa rat ions were begun in 1012, and in physical antUroiiolfigy, un¬ 
der Dr- Alts ITrdlit'kiu of the Museum stafT. entailetl extensive ex¬ 
plorations which were carried to many quarters of the globe. The 
eoUections as finally installed greatly surpass in richness, inetnictivc- 
nes 3 , and harmony anything lie fore attempted in this line. They are 
divided into four sections, illustrating, respectively, man’s evolution; 
his development or growth; his racial, sexual, end Individual rari- 
ations; and the causes, outside of normal senility, which contribute 
to the decline of the human organism, lus dise.nse and injury. The 
other exhibit, prepared under the direction of Jlr. William If. 
Holmes, head curator of unthrojmtogy. ronsisUt primarily of six lay- 
figure groups, representing the mining of iron ora and pigment mate- 
riuls, and of copper, the quarrying of soapstone, obsidian and build¬ 
ing stone, and the arrow makers. These groups are supplemented by 
extensive scries of the Implements, utensils, and art works generally 
of these ancient peoples. Particular interest attaches to these col¬ 
lections, as they Imve been installed os pentianent exhihit^i in o build¬ 
ing specially erected ns n museum feature for the city of San Diego. 
The benefits flerived by the Mational Museum thi'ough its participa¬ 
tion in thh' exposition consiet in the division of a part of the collec- 
tion-S the opportunity of repttKlitcing many novel features, and the 
working up and publication of the scientific results of the expedi¬ 
tions which wore maiuly into new ami important fields. 
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MiyCKLLANEOUK 

Duplicate apcdajens of iiiiiuml history tn the nurnlx?r of HiBlS, 
accurately classified and tubele^h put up in 1(1^ sets, were dis* 
trihutoil for teaching purposes among the schools and colleges of ths 
conn try. Tliey consisted ii'miiily of rocks, mineral s, ores, fo^ila, and 
recent mollusks, though other zoological groups and ethnologiefll 
and archeological subjects were also rcpre^icntiHl* In iiiuking ex¬ 
changes T,&2T duplicatcii? wei-e ufiedj over Uiree-fiftlis being plants. 
The numlier of specimens, all 1>e1oiiging to natural histoiy', scut out 
for ^dudy by special hds located elsew here^ was lO,2G9j the preprmder- 
ating subjects being i>lantSf inseetSf iiturine invertebrates, and fossils. 

The total number of risitors to the new bihidmg nggregaied 
202,135 for week days and 5D,577 for Sundays, being a daily nTcragp 
of 837 for the foriuer nod of 1^14.5 for the latter^ At the ohicr 
Museum building tlic attendance for week da}^ (the htiilding not 
Iwing openwl on Sundays) was 133,202, a daily average of 425, Tlie 
Smithsonian huililing was closed to the public during fi^e mouths ou 
account of extensive alterations in progitsst and the attcmlancc was 
thereby reduanl to 40,324 persons. 

The puldications issued during the year coiuprlseil 9 volumes and 
41 separate papers. The former consisted of the annual report for 
1D|4; voIutue47 of the ProceedingB; volume 19 of the Contributions 
from the National lierljariiiui; and G bulletins, 3 of which related to 
pideontolijgv and 3 to marine anlrimk. Tlie separate papers formed 
parts of volumes 47, 48, and 49 of the Piweetling^. The totid num¬ 
ber of copies of ^Iu£%um publications dislrihuteJ was al»iit 5 
The library recoivc^l 2,209 volumes, 2^530 pampldets, and 1S3 purls 
of volumes, and at the dose of the year contained 45,818 volumes lUjd 
76,295 paniphlets and unbound piijwis, or a totiil of 122,113 titles^ 
Kes[>ectfully suhiiiitkuL 

Riciiarp Ratiibctk, 

Am^tant Sccr^fary in 
Unitfil iSfd7/M yaihnal iVmeunh, 

Dr* CiMUiazs D. Wjjwxnr, 

S^LT^^fari/ of Smithson hn fmtiinthn^ 

Svj-TtitiiEic 27, 1915* 


AppK>rDix 2, 

REPOST ON THE BUREAU OP AMERICAN ETTTXOliOGY. 

SiBJ Piii'siiont to the <?omnuitik‘(itioii of the Acting l^t'crotury ilutel 
July 2,1 Iiore the honor to present the follow tug report on the oper- 
atinns of tlie Bureau of Amerienn Ethnology during the fiscal year 
ended June 30, 1915, conducted in oMordfuico with the act of Con- 
gre® approved August lOl-l, loaking uppHipriationB for the sundry 
civil espenfics of the flovcmment, anti with a plan of openvtions siih- 
mitted by the etlinolugist'in-dinrgij and approved hy tlie Secretary 
of t)ic Siiuthsonian InstitiitlorL The provision of ihe net authoriiiing 
Hie risearch^ of the Bureau of American Etljnology is as follows: 

Anivrltnii KHhwIosti Fw ccnLInnlna rOitioJoBlcn] rnwarclies iimoni: the 
Atnerfnia Indians and tUu natives of tfawnll, Inelutlla^ the exi-aVBUuH aisl 
(irtecrvntlna of un'luiiulQjfle renmlnii, under the dlrertlun of tlie Kmlltijuutaa 
Iiutltntloii. Inclailta^ aalarlea or eotnreruwtkiii of nil UL-cct&olry einployitm nftd 
till! purchuiw (jf tn^ceaary hoolca ami tionoillecd9« Including payment In advance 
for autuATlpiluoa, S4:i,000. 

iSYSTESIATiC UESEAttCHtt!!!, 

iVs in the past, the sj’stematic researches of the hurcaii were coH' 
ducted hy its regular jstnJl, consisting of 9 ethnologists, including the 
ethnologist'in-chnrge, and of 10 ethnologisls during part of the year. 
These ojierntions may be summarised os follows: 

Mr. F. W, Hofige, ethnologist-in-chnrge, diwoted most of his otten* 
tion during the year to the admin istrntion of the nfiaira of the hu* 
rcau, but opportunity w‘as found, with the assistonce of Ml® Florence 
M. Poast, to add matoriallj’ to the compilution of the bibliography of 
the Pueblo Imlinns, wLich now comprises about 2,-100 titles. Mr. 
Ilcalgci also read several extended mannscripts submitted for pubU- 
cation by the bureau; he likewise continued to represent the bureau 
on the Smithfioninn advUoty committee on printing and publication 
and the Smitbsnman Institution on the United States Geographic 
Board. 

Dr, J. Walter Fewkea, ethnologist, at the beginning of the liscal 
year brought to a close his archeologicnt r®earches in the valley of 
die lower Rio Mimbres, N. Mcs., reference to which was tnade in the 
Initt annual report. Thciie studira of the many village sites of the 
prehistoric people of the section named lead to the belief that the 
-tti 
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iincUnt ImbiLntiims were not terrnteii unity liotuscs, such na 

clwreeteri?^ lypical jnndiUis. Init were nf nn oldef fonu, hciicc Dr. 
Fewkcs Assigns them to ii pcfitnl und u people which he dcsignutes 
pre'I'upbloAti. This conclusion ia bused not otily on the diuructer of 
the house striictiinsi ns Jndicated by their iftounU phins, hut »Iao on 
tho churncter mid dcroretion of the pottery vcjaiels found under the 
floors. The motit noteworthy fentiire of this cartlienwiiri] Ls the re¬ 
in a rkiihle piiintcd decorAtioii on the inside of tlie bowls, consisting of 
repreaentutions of nien engaged in various puraiiils, anlnuils, and 
geometric designs of csccptionnl forms, suggesting the culture of the 
Keris Tndimis of New Mexico ruthcr than ihrtt of other Pueblos. A 
distinctive feature of some of tlie animal pictures on tlie Miinhres 
pottery is the fusion of two dilTcrent Animal forms, us tho antelojH> 
and B fish, in « single roprcsentiitiou. Div Fcw'kes suggests that the 
almost constant pi'csence of rectangular und other geometric designs 
on the bodies of the animals depicted on the pottery may be am- 
fiidei'GiJ in n seuse yiurallei with certain very ancient paintings ou the 
walls of Clives in h'lunce, as descrilied hy Dr. Capltan and otlicns. 
The sjHJcial value of the study of the painted designs un the Srimhres 
pottery lies In the light which they cairt ou general problems con¬ 
nected with I he cuitiuv'-gcnesis and clan tnigrations of the ectlentury 
Iiidiaiis of tlie isouth west. These designs are related, on tho one hand, 
to tlioso on Piichlg painted pottery of northern Nciv Mexico and 
Arizona mid, on the other, to the decorations on tlui earlhenwiu'c of 
the prehistoric inhabitants of the volleys of the southciii part of the 
♦Sierra Madre Piatciui, notably those of the ceiebmted Casas Grandee 
ill CUlhuiihua. An llhistnitcd prelinunuiy report, under the title 
".iVreheology of tlie Jjower Mimbres Vnlley, New llesico,’^ was pre¬ 
pared by Dr. Fewkea and puiilisiLwl iu Smithsonian Miscellaiiuous 
Collections tVol. e:J, No, 10, pp. pis, l-S, figs, 1-lW), 

In Januury Dr. Fewkes visited southeni .Vmoiia, where he made 
yOA’cnd arcLuologtcul recomioiasances, following the liio Santa Crust 
tdniost to the Mexican boundary, lie visited the uld Indian uussioas 
of San Xavier del Pac and Tlinmcacori, and in tlieir vicinity examined 
extensive aborigitial ruins, which were found to Iwlong to tho same 
type as Caao (rmnde, Ariz. The group of preliistoric mins near tlie 
dilapidated inisiiou of Tumacacori (which imposing sti-ueture, now- 
preserved ns a national monument, is greatly in need of repair) pre¬ 
sents unusual advantages for thorough iircheological investigation, 
with promise of importiint coUections. Tho walls of the comi>ound 
call be tiMced readily, and if tmeovered hy excavatimi would reveal 
rmportant informulion on the ancient cuUuro of the Santa Crux Val¬ 
ley, Similar i-ctunins were noted in other parts of this valley and 
clsewliere iu southern Arizona. While in this general ai^a Dr, 
Fewkes observed that the Papago Indians of the desert Imvc been 
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Uttlij by t'ivllijuition, retain in« umny of their originii] runs- 

tnnu, iLiht i-er^iionics, anil u iveittth of fulklnnv 

Dr. Fc^vkihs nisi the rums uf n Inrge pnehlo compitHUil tin 

tliL‘ r«inl ImtiTtieti PIvienijE nnJ Teriipe, ehiefly for the piirpiise of lie- 
tenniniDg the UHlvistibility of its exrsration iintl rrpiur, ns nn effort i$ 
Uung" miide by citiiwns of Phoenix to preserve the ruiiiij with » view 
of huving the coinponnii cieuteil n nntlonnl nionnnient uiid reiieivlng 
n<J(M]tinte Bci('rVLiiic trentnient. 

Leaving Arizona in Februory, Dr. Fewkes proceeiled ngnin to the 
^rimlires Viilley, but found the wenthrr unpropltious for Uehi "work 
esoept for exrursioiiij writli the view of hirnling titea for possible fu¬ 
ture exfuviition. He returned to 'Wiisliinglon ubuul the inidrlle of the 
month luid tonlitvueil tiiti pix^purntion of his memoir on Antiquities 
of the T\'est Indies,-' wluch is to inrlude the residta of tireheologieal 
rea'unc'h rondurteil in the Greater nnd the I/isscr AntUk'S under the 
joint unspities of the huraiiii and tlic llrye Museum of New Vorfc, as 
wfemeil to in a previous reixirt. In eoiitu'i’tion with Llilg work Dr. 
Fewkes vistted New York for the purijose of studying recently at- 
quireJ euUectionii^ in tlie Heye Museum, ilhistmting the culture of 
the ancient Inliiddtnnts of the West Itidics, 

The gri-ater part of May was devoted by Dr. Fewkes to the com- 
jdetion of ft pa|Hir on “ T’rehistoric Hopi Pottery Designs," which 
comjirises 130 muiiUHcript pufies, 12 pintfts, nnJ l6r> figui-es. In this 
arlicle tin* aiithoi' Ireats of the pictography on the commies of the 
auciejit viUflgie dwellers of the East Mesa of tke Hopi of iiorthwest- 
ern AriKonu, including the Kerea nnd Tewa colonists of early times, 
as well ns the dosigna of the more moticm period, Ttie memoir con¬ 
siders in detail tiie probahle genoais of moilern Hopi rn nibolic figures, 
finil devotes attention also to their connection with dan and other 
sociologic groiipH. 

The oiwning of the fiseat year found Mr. James Mooney, cthnolm 
gist, engaged in field stmlltaf among the Cherokee Indians of North 
Carolina, whidi were continued until ttio middle of SepteniWr. Mr, 
Mooney devoted his efforts especially to the further collection and 
tmn-^ilatinn of the ssicred formulas of the Indians named, togetlier 
with the collection, for hntaiilcal identification, of the plants men¬ 
tioned in the formulas, w-ith others of Indian economic i[iiport.ance. 
Tlie retiiiiinder of the fiscal year was spent by Mr. Mooney in tlie 
ollica, most of the time lieing devoted to the final elnlmmtion of the 
Clierokee formulas, of varying lengtli, originally written down by 
tlie prifcte of the tril« in the native Cherokee alphaWt and used by 
them for purjioss of medicine, love, hunting, fishing, agriculture 
protection, etc. Each formula consists usnallv of a pruver or a song 
or Jioth, ID an archaic and highly figurative form of the language! 
followed by brief directions coucheil in the evervday language and 
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ix-liilmg to ike iiinnner of the ci>ripiin;iiny cir tUe pkots to ^>e vtsed lo 
die prescriptTho printed fonnulii will eonsist of llii^ p:irts, 
namely, trunJ^litvratioti^ trimslation^ imJ explanation. The "lossarj 
will i^ompri^ perhaps 1,000 words, largely nrehaie and otherwise 
unusual in form, Ttie liotanieal appendix will deal \v~ith the names 
and iLses of from fiOO to TOO plants mentioned in the fonunlns^ nearly 
all of which have already ijeen collecrted and lrf»tanically idenilfitHh 
There will also l>e on extended chapter on (^herolfee religion and 
mythology* j\ppix>xiinu!tely i\ tiiird of the tinnsliterations ami tPfina- 
lations have liecti writ ten in final form from the in ter linear note¬ 
book^ and half of the work has lieen glossiirisscd on nirtls. 

Considemhle time was stHint hy Jlr. JlcKsney in funHwhing sfUKsuil 
informiition fortise in ansnrering inquiries of cornyspcmileiits. 

Dr- John H, Swatiton, ethnologist^ in aclditiDij to BaperviEing the 
Hnal work incident to the ptibliciition, as Bulletin 45, of Byington-s 
Choctaw Dictionary/- editcil by himi^lf in conjunction with Mr, 
II. Sp lliill>crt, devoted attention to the stiidy of the Creek Indinns, 
to which rtfereoce is made in fnnner i-cports- Tlio first draft of his 
memoir on tho Creeks is pnictiailly compktoJ, but the amount of 
uiuterial wu^ fount I to be so great that it has seemetl best to separate 
it into two* if tint three, sectiotis. The fii-st of these, embracing a 
diecufsion of the location and classifkatinn of the southern trilses, 
their early history, and their population, Dr. Swan ton is now revis¬ 
ing, incorponiting now mater nil niid making siicli changt^ as fnUer 
information bns filiowti to be necessary. It is hojwd that this section 
may be ready for publication at a comparatively early date. 

Through an Alibamu Indian living in Texfis the bureau has liccn 
able to add several liunditKl words and a few pages of text tn the 
Allbuniii material gathered by Dr. Swanlon. 

During (he hrst tliree months of tlie year ^^fr* J, N. B. Hewitt, eth¬ 
nologist, completed the traTi-dating and cfliting of a colle<rtlon uf 
texts and legends for the memoir on Senecit Myths and Fictionto 
he pubilulled in the Tfiirty-second Annual Hepovt, corisisting of nia« 
terial originally ix>lkntcil in native texts and in English by the late 
Jeremiah Curtin oulI Mr* Hewitt. This maturiiilT aggregating 
pages, lieside^s iiotis and additions l>y Mr* Hewitt, was submitted 
early in OctnliiT for pnhliciiliom Siibse<iueiitly, and ns opportunity 
wtis afTordtxl throughout the year, Mr, Hewitt devoted special atten¬ 
tion to the preiiaration of material for a granmnitirul sketch of the 
Trcapiois InngitageSi especially as spoken by the Jfnlmwfc, Onoinhiga. 
anil Cayuga, for incorpomtion in the “^Handbook of Aiucricun lu^ 
dian languages,^ 

In December Mr, Hewitt m^iterl the flniiid lliver Reservation in 
Canada fm- the purjicise of proscciiling lijs stiidii^ among the Indians 
dwelling thereon* A serious epidemic of fiTnalIi>ox interfered some- 
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\Thail TV’ith libi wrtrkj hnt with tin? tjfficrcnt assib'tuDCi! of Hr- IVilUain 
K, I-uft* n Mohtswk si>enkcr, Hewitt akfe to imikc- 4t cnticul 
phonetic ftDiJ ^AmTmtio stiidj of portioDs of the Mohjiwk texts 
to th^ Jetiguo of t!ie Iroiiuoiat recorded hy him iii former 
yeaiT, Work was also done in rftCordLng a selected list ot Molmivk 
verlfcs for eompnrutive use, and with the painstaking aii] of Mrs. 

Giljson, widow of the liite noted diief Jolui Arthur Odisonj 
Hr. Ilewilt wau able to stipply the Cayugii e<iuivalents to this list^ 
m well iis to I'ecoril otber vocabiiluiy terms of the Cavugn. Kroni 
Mits. OibsoD also TrVas obtained an extended te-'tt In Cayuga relating 
to the oi'igin and the ritual of the dedth feast of llio women. On the 
eaine reservation Mr. Hewitt, with the aid of Mr, Hardy Gibson, a 
Cayugit ehief, elucidated certain mooted jJolnLs in regard to the 
ritual -signilicance of a number of words and phrases employed in the 
chants of the condoling and installation cuunei] of the Ironpiuia 
league. From Misa Emily Carrier, a mixed-blood Naiilkoke, lie oli- 
tained u list of aO Ximticoke wordH. Tliis short list Is of singiihir 
Ititere'it, as the Kantuxihe dialect of the Algonquian stock has become 
practically extinct through iilKiorption of its spenkers bi’ the Iro- 
qiioie-s|icaktng [leoplcs. Mr. Hewitt also made nlmut 70 pholu- 
graptis, principidly of persona. 

On his return to 'VVashmgtun on January 15 Mr. Hewitt at once 
resumed his aiuilytic study of tlic Moll aw k, Onondaga, and Cayuga 
dialerLs for the purpose of obtaining proper muteriai for the prepa- 
I'dtian of the grammatic sketch above referred to. 

In addition to tliese iniestlgations, Mr. Hewitt fumbbed much 
hifortnation for use in preporing replies to lin|utrlcs from corre- 
spoiKlenb^ some of them requiring considerable research. No fewer 
than i:KJ sucli letters were answered by means of data supplied by 
Sir. Hew ill. As in the past, be performed tlve duties connected with 
tbe custodiunslup of manuscripts, which reijitircd more than tlie usual 
tiiiic and effort owing to the preparation of more tliorougiily fire¬ 
proof quarters and transfer of the nmnnscripts thereto, as will Inter 
tie mentioned. During June Mr. Hewitt wa.s engagcil in reading the 
first ])roofs of “ Scncca Myttis and Fiction.” 

5Ir. t rands La Fiesche. ctlinoiogist, was engaged ilitring tiie year 
chiefly in assembling his notes on the No"'zliLiho”, or fiodlng ilegrre, 
of the tribal rite.s of the Osage calieil >V1io''zln'grt le Ita, or ^ayinjis 
of the X0"*ho’'zhi"gn. Of the seven dcgives, the N'o^^'shkho" is suiid 
to t« the longest and the next in impoi-tatice to the Nlkie degree* 
it balso said that this degree contains nearly alt thesyinliols and cere- 
niontiLl forms (wt^ga.xe), for which reason it is regarded as higher in 
niiik than the other degrees, esceptiug the Xikle. From information 
pvim hy Wats^mo*!' of the Black Bear gens eind by Waxthizhi of 
the l uma pns. both of the Ho-^ga dual division, their vereion of tlic 
ritual of tlic No“'zlii 2 ho’' degree is composed of llC songs. 14 wigie 
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rparts of the<U™J that m spoken), miinWr of ^eretnoninl acts 
uml fortoB. WasthiEhL from whom the songs and vvigJe ol>- 
gttvo 14 wfgie nnd 74 songs: lie was unable to give tli<! entins 
116 song^, liavlog lost some of tlii!in by reason of long disuse of the 
ritiuil. To Uie close of the year 20C. pagiw of tJibis ritual hove Wn 
completed by ifr. Lii Flfssche; these romprifie ft wigie with literal 
and free tran:slzitiofiB, 25 Mmgs with tmnslntionSf and explanations 
of the songsi, ceremonial nets, and movements^ as Well as of the vari¬ 
ous syml^ots and paraphemLiIia used in the ceremonies. 

Mr^ Ija Flescho’s work on the No^^zhizho'^ ritunl has twice ln'vri 
interrupted by ylsitlng Osage, from whom, however^ further inf or* 
motion hiiB l>een obtained (xaieeming the greet w^ar rites of the Osage 
people^ First, Wiilhuxoge^ who \ isitc'd Washington in the imtiusm 
of gave the ritiuil of the Wn^ohe degree of Hie Tstzhti Wash* 
tage gens, of whidi he wiiB ti iiieiuber. The wf^e and songjjt of this 
ritual cover 76 tyf^^Avritteu i>agvsp including tim music, which lisis 
been transcribed from the dictaphone. Besides the WaSol^ ntiiat, 
Wathiixttge gave, in fragni^tary form, the Nfkie ritual of his gens; 
this covers 20 ivpew'rilti n pages, including the music of the souj^^ 
which have been transcribed from the diet a phone. Tlic trans- 
lationa of the songs am] wlgic of these ritinils have yet to he made 
and the explnnatoiy texts w ritteiu Wiitliuxage died in ifay, Ifttl. 

The second interruption was by Xutlm Wato^i"* and Watsrmo^i", 
from w'hom additional in format inn w'ag olitained. ITie former gavo 
three of the wfgie: Wfgie Tonga or Orent Wfgie. Kfmf* Wfgie or 
Symbolic Painting ^Vigle, and Wazhfiigathe Wfgie or Gentile Sym¬ 
bol Wig^e, which it was his part to recite at the trilial cercmcmii,^. 
These cover 57 typewritten pages* Besides tlie three vvtgie, Xutha 
Watn°i" gave the ritual of the Xfkie degree of his gens. Tlie wlgie 
ami songs of the ritual, including tlie music, comprise 15 pages* The 
trnnsiiitioiis of the three wfgie, and the wigic and semge of the Xfkie 
ritual, have yet to lie made and the explan story notes ssecmhkil* 
Watijemo"i* gave another version of the Xfdse ITTacp*^ Wigie. or 
Black Bear Wigic, which he had already given some time ago* 
This nc'v veraon the one recited when the widow of a deceascil 
rneinl>er of the Xo’^Tio“zhi’’ga is admitted to take his place in tlie 
order; it comprises 6 typewritten pages and will form a part of the 
Xo^'diizfio* ritunL Tlijs informant also giave enme informotion con¬ 
cerning his great grstidfntherj w ho was a prominent medicinG-man*^ 
The notes recorded from the dictation of Watsemo^i’^ have yet to 
the traruwrilNed. Tlie story will form a part of the chapter on the 
IVakoMagi, or “medicine-men," 

Mrs. 'SI, C. Ftevenson. ethnologist * continued her rci^rclies among 
the Towa Indiaas of New' Mexico* luit Failing healLti prevcmtccl her 
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f mm cofTipleting tbe finul cif tin* m:iniiseript uf her memoir 

im sh^ had hojiNHlt nod it remaiaerl unlinistied et the tiDie of her ui^- 
fortuniLte denth, on dimo 24^ in the suburijs ol WashiD^on;. It b 
Kdieved, however, thut when an opportunity of folly exomining Mrs, 
Stevensoncompleted manuscript ehuL notes is alTonled, It will lie 
foimd UL cDnclliioii lor publication after the customary editoriul 
Lmttiueqh Mrs^ Stevcn^n was im efficient and itulustilom itive^il- 
gator of the ethnology of the Pueblo Indians, to ^vhich subject she 
had devoted tnaiiy years of ber life, ghdng special iitteniion to the 
Sin, the Zunit find the Tewa Triljes. Three memoir^ on these IiRlijiini^ 
]>ubilshed in the annual re^Hirts^ are replete with mfortuation on the 
subjects of which tiiey treat, and there is no doubt that when lirs, 
Stevensoifs memoir un the Tewa Indians finally appears much 
\ alunbic knowledge will Le Jiddetl to Uiat wliich fshe has already given 
on tile sedentar)^ Indians of the e^trerne Southwest. 

iVith the opening of the fi^aJ year Dr, Truman Michelson prO' 
ceedeil to IViseonsid in tlie hope of obtaining ethnologic and lin¬ 
guistic information regarding the Stockbridge Indians ri^iding in 
thut State- It was found that, with rost>ect to the language of tliLs 
remnant tribe, aliout a do^jen memLers i^uHimbered isolated words, 
but only one could dictate connected texts, half a dozen of which 
were recorded, ,:Uthough knowledge of tiie language is now te^o 
limitAsl to enulik- rBstoriition of ilia grammar, enough nuitcrial mis 
obtained to ehow' tliut Slockhridge wa5 Intimately related to Petjnot 
lusU Natick, as well as to Delaware-Munsec- Tlie Stockbridg^ have 
long since abandoned all their native customs and l^elicfe, conso- 
cjuciitly their etlinology mn}* bo regarded as beyond mcovery. 

in Wisconsin Dr. >!ichclson procured also ettmologio and 
linguistic note$ on the Menominee. A visit to the Brothorton In* 
ilians resulted in the acquirement of little information excepting 
historical data, as these people have Ijccome greatly modiSed- 
Dn Jlichelson next visited Tama, Iowa, for the purpose of renew^ 
ing hb ri^>aidies among the Fox Indtatis. to which he has been de¬ 
voting tiis t^nergies for some time, lie miB especially Furccssful in 
obtaining accounts of the mythical origin iiscrtheil to the Fox t>rople, 
given in the form of ritiinls, and he gave attention also to the 
phonetics of the Fox language, A notevvorthy result of Dr. i\richGh 
soil's Fox investigatiuns was the arqiiircmcnt, through Horace Powii- 
Khiok, of u complete translution of tlio two ni<jst important Fox 
myibs^the Culture Hero and iJother of All the Eaith, 

At the request of the Davenpoit Academy of Sciences, Dr. Michet- 
son roDdiicteil some archeoJogif al excavations^ for that institution at 
its own exi^nsis, leave of absence having been gratitcsl Idm fnr timt 
piirpcQse. En route to Waghington, he examined the Sauk and Fox 
collections iu the Field ilu^seum of Natural History at Chicago, 
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In the otBov Dn imitl ^tteotien to the obsorva- 

tiojis on the Siiuk ami Fox hy early >?ritersY especiully hy tin; authors 
in the Annals of tlie Propiigatida h'ide, and by Lon|^% 

Ciirvcrt Beltrami, and utliert^ With the view of definitely sell ling the 
rjiK^lion of the rehition^idp of the Yurok und Wiyot of 

California to the AlgoiLijiiiaii liuguii-tii: stock. Dr. J^lidiebon devoted 
fntlhei' study to the siihiect, reaching the conelusicii that wliether or 
not further matGriul would prove these languitges to bo ilivergi'nt 
jueinbci's of Algonquian, the ejcli^ting data do nut ivarranL such a 
elussificatiori. Br* Jlichelson also devotct] id Mention to ihe linguistiu 
elassifjcatioti of Potaw iitonii^ based ou eertniii gminniatieal ti eatiscs 
by the bte Fntlier CTailland in possesaioji of 81 . Maiy s College at 
St. iMarys, KatLs., ivUich the bureun w^iis [>eruutted to copy through 
the eouitesy of Kev. (ieorge AVor|M?Eberg, S. librartajj of tho col¬ 
lege. By thci^ sliEdies Dn Miehelsfpo concludes from the verbal pro- 
noum of Pntawutomi that it belongs to the Ojibwa division of the 
ceuLml ^V-lgontpiJiin liingtiugiefit but that the language is further rn- 
movcHl from Ojibwa, OttuWEj and Algonkin thiui any uf thc=?e Is from 
the oUiers- 

Itr. John P. Harrington, ethnologist^ iN^came a metnher of tlie 
siuJT of the bureau^ with the a]; p royal of the Civil Her vice Comniis- 
sioUj on Febntary 20, from which time until the close of May ho 
fiobhed 600 pages of niimuseript and iitore than 3^000 slips of 
Hngiiititie information regarding the Chutuaali Indians of Califi^rriiiv, 
the result of re^anhea ctmdnoted by hmi before entering the service 
of the bureau. He mho lui^^ i*i vurlous stages of elaborntioiL a quiui- 
tity of other Clunuuj-h ethnologic and linguLstic material in the 
preparation of which for publication satisfnetory progress is Ijciiig 
made. At the eiid of May ifr^ Harrington proceeded to Santa Ines 
ilifsion^ where, among its document, he huind an old tiiimus>cript 
bearing the iille ''^Padn>n que contiene t^xloa las Neofitas du csta 
Mision de la Purlsimu Concepcion con expresion de sn e<c!nd, y par- 
tlda de Baiitismo segiin se halla lioy diti 1^ de Enero dc 131L^' by 
Fattier Mariano Payeras, of the greatest importanco to the study of 
the former Chumasli tndjiins of Eii Purisima and Santa Ines. A 
complete copy of tins splendid maninirript, which does not secni to 
have Ijeen known to histoi-kn?, was niuik by Mr. Iliiiringlon, wlio 
also exiracled a considerable umount of other material from the mis¬ 
sion records. Wliile at Santa Ines Mr^ Harrington located llic site 
of the former lurge rancher in of Sfojogui (which had not before litcri 
known and also tho site of the mneherU of Ifias, mentioned hi the 
records. On June II? Mr* Harrington vkited Arroy'o Orancle, wliere 
he worke<.l for a week with n poor, sick old woman, the sole survivor 
of the San Luis Obispo Indians^ for which renEiom to use Sin Har¬ 
rington s own expression, “the words of her language are precious 
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bejoEtl the po’wer of nionej to buy,” cspocmUy os her speech is tlie 
most arcbiiic of all the Chiimashati tlinlects. For tho coiiTenlencc of 
hU field studies Sir. Harrington has establis^ied baidqwartera at l.os 
Angeles, where he has Ijeeti granted the facilities of the Southwest 
iliisciim by the courtesy of its oIBcitilfi. 

Nt'BUlAl, UKSKAHtTHKft. 

The preparatioTi of the second volume of the '^Handbook of 
American Indian Languages," under the editorship of Dr. Franz 
Ikiiis, honorary philologist, has progressed slowly, on aceonnl of tiic 
impossibility of i>cnding proofs to Ituasiu, where the author of the 
auction on tlip t.’hukchee nnd Eskimo residea. The chapter on 
ijinslaw, by Dr. Frachtenbelg, hns been corrected and mnJe up in 
pages, forming pages -hiI Ui 605 of the second volume. At the licgin- 
ning of the year Dr. Eons concluded his collection of’ Kutenni 
ineU'rinI, which waa studied jjreliniinnry to the writing of tlie gi-nm* 
mar of this hmgim^S'. The texts collected by hini were written out, 
and the coinpleted manuscript, consisting of 2t>3 pages of Indian 
texts and pages of translation, lias been submitted and in 
tj'jie, forming 1^5 galleys. Tlie texts inchide some material coHectet] 
by the lute Dr. A. F. Cliamhcrlain, which waa acquired by the bureau 
and was revised by Dr. Boas. 

lluch time huz been spent by Dr. Boas in work on his memoir. 
“Tsiinshitin Mythology,” to accompany the thirty-first annnal re- 
yiort. During the fiscnl year 191S-14 the tales tbemselres Imd been 
set up. During the year now under consideration the manuscript 
of the dificiissiun of this materiiil was gompleteil and put in type; it 
fornis pages to of tins annuid rejxjrt. In the mechntiicttl work 
of preparing tins manuitcript Dr. Boas was assisted by Miss IL A. 
Andrews, who, besidc-i the preparation of manuscript and proof 
r^ulitig, did much of the laborious work of extnrcting and collnting 
material needed for the investigation. 

The manuscript on Eskimo mytliology, intrusted to Waldeniar 
Bogoros and accepted for publication, together with an introduction 
by ^Ir. Ernest Hawkea,ie held in iibejimce, owing to tlie impos^biUty 
at the present time of commnnicnting with the autiior in Kussla. 

Dr. L. *1. Fmchtetiberg, special etlnsologist, left Washington on 
July (j, 11114, going directly to Oregon for tlie purpose of concluding 
Us investigations of tlie language, mythologj', end culture of the 
Kulapuya Indians, commenced during the previous fiscal year. 
After a short trip to the Sileta and Grand Bondt Agencies in north- 
western Oregon for the purpose of interviewUig all available inform' 
nnts, he proceeded to Chemawu, Oreg., whei'e lie conductcil his Knln. 
puTB invijotigattone until December, and completed tliem at the 
Grand Hondo Agency between December 13 and ilO, w liich time was 
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Epont chieHy in the collection of linginstic nutteriiLl foe n compamtive 
Etudy of the Kalapuya diiilchcts. Special attention wm given to the 
Vainhill and Yonkiilla varJations, Dr- FrachteolJGrg'e field work 
proved highly mtccesEful. Tie obtained 30 myllis, talcs, historical 
narratives, and ethnogTaphic dcscriptiorui, told in the various KhUi- 
puya dialects^ an nnusually large amount of gramnialical notes, siifti- 
ciont ntaterial for a lingnistic map ahowing tlie original distribution 
of the ficvoral Kalapnya dialects, and some data on Krtlupiiya eth¬ 
nology. A glu]ico at thiA material reveab some interesting facts: 
The Kalapuya Indians in former times were the ino^t |>owerfii| ami 
iiumemus family of Oregon. They claimed the whole of tlio fertile 
valley of the WillmuettCp extending from the Coa^it Ihvnge to the Cas¬ 
cade Sfouiitains, tlicir settlements reaching us far north ns the pres¬ 
ent Porthmd and as far south as the middle course of Ump^pia Kiver, 
nil urea of approximately 12,000 E«piiirB milea. These Imliiuis wci*© 
placiHl on the Grand Ronde Itescrvution in lB57j at Iho close of the 
Rogue River war- Previous tribal wax's and fw^uent epidemics of 
snialt[>o^ and other infcctiotis diseases have reduced the Kalnpuya 
tribes to such an extent that Dr. Frachteiiberg has found but a mere 
handful of aurvivors^ hence the time is not far off when the Etock will 
licconie extinct. 

The Kalnpuya family embraces a largo number of tril>C:5, the most 
im[>ortant of which are: (1) Atfalati (or Wapulo L:ike), living 
formerly on the bunks of tin; Timlntin Rrver; (2) Yamhill, claiming 
the bunks of the river of the same name, (3) Lakmuyuki who oh- 
tained their name from the river Luekiamutc; (-1) 5 la rye River 
(Calupooia proiHjr), whose settleiuentE were siluntcd along the banks 
of tlie Culai>oom nnd Mary^s Rivers; (5) Yonlmlla, tlie most south¬ 
erly Ivalapuya tribe; (G) Ahantsayuk, aLso culled Pudding River 
Indians; and (T) SaiitlantT who formerly lived on the banks of 
Si^ritiam River* These tril^ES speak varieties of the Itulapnya luti- 
guage, which show remarkable lexicographic diversities ^torjdio- 
logical differentiations exist also* but arc chieily of a phonetic natm-e. 
All differences lietwecn the dialects seem to have iteen caused by a 
geographic distribution* resulting in the three subdivisions nien- 
tioned in the last annual report. I^ng and coniintietl contact of the 
Kaltipuya Indians with white settlers has resulted in rt complete 
breaking down of the native culture and mode of living; conse¬ 
quently the ethnologic data obtainable were very meager and in most 
cases were given m inforuiatioii obtaincnl througli hcut^iy. 

In the early part of Janniiry Dr. Fnichtcnberg made a short trip 
to the SiletK Agency for the purpose of settling u fcw‘ questions per- 
taining to Alj^a phonetics In view of the fact that the allotment 
made for field researches during the fiscEil year hcciime exhaiistcil 
Dr. Frachteiiberg was obliged to remain in the field until the dnse 
mirj-1 
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of June. On January 10 lie resume^] the work of preparing a gram' 
matieal sket^li of tke Al^ea languaget which waa huishcd Inte in 
^Iiiy; this cnnsLsts of i5S sections, approsimnting GOO mfinuscrript 
pages. During June he was engag&d in lypewriting tUia grammati¬ 
cal sketch, which will be published in part 2 of the ^ Handbook of 
Amerienn. Indian Langtiwgiis*^ 

In addition Co hU field inve^tigaCioria Dr. Fmchtenberg corrected 
the proofs of his grammatkal sketch of the Siiislaw language, spe¬ 
cial attention being given to the iiiF^rtion of the proper referanct^ 
taken from his Lower Umprjua texis^ printed iti the Columbia Uni¬ 
versity Contnhutiona to Antliropology. 

Mr. W, H, Holmes cotitimied the preparation of the ^Handbook of 
American Antiquitiei^ whenever hia exacting duties in lichalf of the 
National Museum pennittecl. Part I of this w'ork hs well advancetl 
towaid completinn: much altontion has been given to part 2^ and the 
preparoition of the nuinerous illustrations is well in hand. 

During the month of July, Mr. {leraril Fowke was engagecL under 
instructions from tha hureaiiT in making limited archeolEigleal in¬ 
vestigations in northonstem Kansas and sontlicastcm Xehras&a. the 
purpose of which was to ascertain the value of certain recent deter¬ 
minations regarding the age of the prehistoric aboriginal wrupancy 
of this region. Respecting the large mounds^ the age of which has 
l)cen under discu^innt ilr, Fowke reports that three points must t»c 
tAken into conj^ideratiem in'fixing a definite age for these remains, a?= 
follows: 

L Tlic reUcs found In and arounil tile lodge bUcs. e^evpt for the luarkla^ 
m mftne nf the ijntterr. are la ao wise ditferent firom ihoM fouaci on the Hites 
of vUIn}^ whldi were ocnjplHl when anti Clark tlirouyti here. 

H I’ulrJ^ jtoUtJ tHjtira of biilmiiUc nod occiisloiuiUy kainan bonM, are found 
In the tH^>ttonifi of the ledge sites* even where thcife are damp mmt of ilie year. 
Ill the where aucli Femdloe are proHcrvc^t hy nshea, thif? would mu tiietifi 
ntneht hiit where they are found In cUyey earth It evident that “ lhnu5uuiht 
of yenra ” Is a meauLnjrte^ term to nnply lo tlheuL 

3, PersoDs wlko cLaim thrao tliunarLtidJi of yearfl for pretty much everytlilnj? 
they And In the KVonnd* ninBi cvpieiln why it Is thoi whUo the lK>ne 3 and \mpX^ 
monti* or ih(^‘ fljfsfuraiil “ nnrlentfl nre found m euch anamltle? and la such 
IWK«1 premiervntlon, ttiose of Inter Indiana flhould have entirely dlHupponved. 

The only tenuhlo ttioory of nse IH the anuunt of acoumulntlon In the deprefr 
slonfl of the lodge oltos, Above iJie elay wfdi?ii formwl the roof, and Is next 
to the Hoor now^ bt a tHiih of nuiterlal PoineElnies* it Is sald^ a# moch hb 20 
or ereu 22 imdia* of tnlrudcd allt, decayed veicctiitloa, ami mM from the aur- 
roiiadLiig wall It is ilb nn argument of nifp; ttml aa thc«e sltcsi are on 
hlUtoiw where there cun be no InwnElu ibis depth mmu Imllcate ii very femote 
pcrSral for thdr coastractloa. Hot n large aniount of the onrtli thrown out iuio 
the surroumlliift ring or wall will find Stu way buck into the depmistoiL Tlie 
water will fftuiul lu iTuto a pood iinrt of the year, nad the hljII reWn damp 
eveci in pndaii^I dmii^ht; vegetation la Urtis mom luxuriant than on tbo out^ 
side, mod Us dec?ay will DM up rather rapStlly. In additlum tEnch Mind blows 
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tfQm [tiF pniO-lca na wll ah tnm ihL^ thHtLPiu luaih, tittil whatever flnfS^ |L4 
into the pJt will ituy It wRl nut blow nwaj* flfjBJn., n» It woeiIiI lis 

0iwit j^Nnoiicicl. Wm?iIs ifiliB will catch onci main much of thlB whlcli would 
iJAja un over u drj- iiurfAca. < .’DnsMiuontly tliv nllowuDce of an Lncli In n 
o^utlary, whltdi l 9 iho ioo«t thnl advocoto:; of ^4t Will lUlow for accumu- 
lutJoD. I:? too ishlllIL 

The topojjrupilij.' of tUC! r<*^0D wms <!;cteu.tlnll^ tho sama wisoit tbciiH^ i-k>Tuul[ifi 
wyry couatructL-d m It ts now. Tko hUlH iiiid Yalleya wore a.H ihoy tiow exist; 
the has been vi*lri* tuf tXPiapared with that which has taken place 

sOJJW the loess wms hrouKht iiboYo the watof to which It owes Ma origin, Tlsls 
atuiensfnr is fully ihrovcd by Dio poslCJoh of the moantis acnl knko silts, .Vny 
mliuiite of ii£y uiiist be only eoDjectiire at best; hui h bt Mfe to siiy Uiat do 
uiirthwork^ thonttil, lod)te alto+ or buauiu bunt^a alon^ thL^ part of tho aiisscmrl 
itLver bus beeu hen'! ms \ob.^ os lu ceuturlea. 

M’ith regard to tUo ditscoveries of tnunan remoim at cst-optional 
depths in Joess fonnations on Longs Hillj near (Jniahn, JIiv Fowke 
states that CiXcavation of the site Liis been so exhaustive tJjat further 
ijiiVGstigiitioos arc out of the tjuestion, and tlmt dotemtinations of age, 
therefore, must rest, in the main ut least, ivith the published state- 
uicnts of the onginai explorers, 

Duifng recent years observers have reported the existence of 
mounds suit! other evidencca of prehistoric occupancy in western 
Utah; these reports, however, contained little defmite information 
regarding the diaracler of existing ruins and described only briefly 
the aitifacts aSsociuted with tliem. The possible relationship of 
such remains with those uf the ancient pueblo dwellers of Arriona, 
Xciv Mexico, and Colorado suggested the necessity of a prclimimiry 
exuiiumitiou of the wcitorn Utali field, with the view of determining 
the nature and rouge of former settlements, and also the desirability 
of more detailed investigations. This work of reconnolssance was 
commemied by the biiremi in Muy and extended through the close of 
the fhjcnl year, tlie field oljservations being made by ilr. .Veil M. 
•ludd, of the Xaticuiul ^Museum, A group o^f small mounds near Wil¬ 
lard, oii the northeastern sliuie of Great Salt Like, were first exam¬ 
ined. Many other mounds m this locality have been completely 
destroyed by cultivation diu-ing recent years, and of those remaining 
all show modifications resulting from recent tillage. Four mounds 
were selected for special investigation, and from thesje sufficient in- 
fomation was gathered to indicate the chief characleristire of tho 
primitive dwellings over which the mouuds bait accumulated. 

Following the work at Wiliurd, an examination was made of 
certain Well-defined mounds on the ouUkiits of Beaver City, in 
Beaver County, where thiTe house sites of the Willard type were 
found in close proximity to larger mounds contuining groups of 
dwellings. Two weeks’ work resulted in the complete excavation of 
one house group comprising 16 rooms and the partial examination 
of a still larger group. The Beaver mounds, like those at ^VUlard. 
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have reiiiiltetl from the gradual aiarumulEition of drifting sand and 
tlust over the fallen walls of more or less jieniuviient dwellings- Un- 
like the isolated structures at Willai'd, however, the mounds at 
Be liver City dlflelosed groups of associoted rooms, arranged wiili 
some degree of regiiliirity and exliibitlDg a certain tmlty of purpose. 
In each of the two groups studied, small scries of contiguous rooms 
were uucovered, but the majority were single compartnicuta seiiu- 
rated from tlio other dwellings by varying distances. The walls of 
these priniitlvo dwellings at Beaver were built of adolie, sbiiictiuics 
placed In wide layers hut more often forming a solid niass, Xo open- 
itigB that euuld Ijb identified definitely as doors were found in any of 
tliese walls; this fact, together ivilh the comparative abundance of 
circular stone slabs, leads to the Iwlief that entrance to the dwellings 
was gained through roof ojumiogs which could be closed with the 
stone disks. Post holes In several floors, witii duirrcd fragments of 
cedar logs, and niaesett uf clay bearing iiapresoions of logs, willows, 
and grass, give a fairly cem[)lcte indication ns to the nature of the 
roof construction, Large titnliers crossed in the direction of the 
bliortor diiucnsions, thuir ends resting iiiwu the side walls of the 
realms; when neecssary these were supported by upright timbers. 
The roof beams in turn supported leaser liuiljere with luyere of wil¬ 
lows and grusi Layers of clay, viirying in thickness from 1 inch to 
fi indies with the unevenness of roof mntcrials, cu^^red the gra-ss. 
thm? completing a truly Hulistontial shelter. 

Four small ]iuiunds,ainiihir to those at Beaver City, were excavated 
ut Paragonah, iu Iron County. These contuincal one room only, but 
there are larger mounds in tiie vicinity whose superficial indiestions 
suggest as many if not more rooms than the group at Beaver. 
Twenty years ago, it is reported, there were about 100 mounds in 
this vicinity; to-day more than half of them have disapiicared 
tbrougli cultivstion of the tsoil, 

A brief examination was made by Mr. Judd of several house sites 
overlooking the Rio Virgen, near St. George, in the extreme south- 
western corner of the State. From this village eastward to Knnab 
□lily a few niouiuls were noted, although cowboys reported the exist¬ 
ence of others in the vicinity of Short Greek, on the Vtah-ArlBonji 
line. 

From Kauab as a base, the mounds in dohnson Canyon and the 
Email ellfT house.'* in Cottonwood Canyon were visited and partiallv 
examined. Frem superficial observations the former were judged to 
contain the remains of house (itructures siniilor to those at Beaver 
ond Parugonah, although the availability of suitable stone for build¬ 
ing purposes Iia.s resmUed in its partial substitution for adobe, with 
certain accompanying structural modifications. 
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Several criTes in Cottonwo(«l Canyon lii miles westward from 
Kaniib oontamed eviitenc'^ of bumaa <itceiipann\ The walls ^>f 
nearly all bear pictogrsiplis of more than ordinary interest^ and tlvree 
of the CRVCs visited slieUeit^tl the remntns of siimll dwellings, the most 
interesting of whith h a group of four detached rooms and one cir¬ 
cular kj VO. The walls of these nre of stone ivitli n rather greater pro¬ 
portion of mild plaster than is common in cliff dwellings of Ihe 
Southwest* The ceremonial room mc^isnres I-t feet in diameter, but, 
except in its Inck of recesses^ does not differ greatly from similar 
structures m ruins preWonsly neportetl throughout the San Juan 
drainage, 

Mr, Judd s preliminary obseri'atiorLGs among a limited number of 
in western Utah indicate the former existence of a people whciso 
dwellings develojjed in natnrnl ^uenre from single eanh-envered 
sheltersj such as those at Willard, to groups of more permanent 
structures like those at Beaver, Paragonuh, and elsewhere, and finally 
to allied cliff houses similar to those in Cottonwood Omyon, The 
constriiciion of tlieiSe several ty[ies of houses and the chameter of the 
artifacts fouml m them point to close relationship Ijetween their 
huililers and the better-known pre-Puefaloan peoples of Xew SIcxIco, 
Arizona, and Colorado. Whether these primitive structures in Utah 
actually antedate the commiLmd c{welling^ in the Slates nametl or 
whether thoy represent an offshoot from the more highly develojHMl 
Pueblo rnlture is a point not yet determinedn The Telatiouship is 
certaiuj howe^^r, and future investigation may las cxpectetl to deter¬ 
mine its liniitSL It is hoped that the opportunit}" to continue this 
investigation ntay sofui be afforded, as the progft;^^ of agriculture 
in most of t!ie areas invcstig^ited by ilr, pfudd is resulting in the 
rapid disappearance of all superficial eviiiences of aboriginal ruTii- 
pancy, 

En route to Washington from Utfdi, Mr. Judd silent a day at the sn- 
called Spanish diggings,*^ tlie ancient f|U[irrie5i in IVyoming where 
generations of western Indians quarried the flint and chert nlllized 
in the mnniiffictiire of various weapons anti household implements 

Excellent progress has been made in the study and analysis of 
Indian music, to which subject Miss Franck Efenanore has devoted 
special attention. The principal work in thiH diraetion has been the 
completion of tlie msmuscript on '"Teton Sioux Music,'* couRis^ing 
of 1,067 pages, in addition to transcriptions of 240 songs and tdmut 
100 illustrations. This material was submitted in June for publica¬ 
tion^ Miss Densmore also made considerable progTe^ss in the pn.«pa- 
ration of a paper on the music of the Ute Indians, D2 pages of mann- 
ficript, 28 transerjptions of songs, II analyses of songs, and 8 originiil 
photugrapliii!: illustrations being submitted. This work is not yet 
tiaib'hed. 
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Mr. D. I. Biiiiluiell, jr., bus conllnuiHli tLe preijunition of tLo 
Iliititjbook of Aliori^nal ReiiMuiis EnJ-t of thu Miswisiiiipi," umlpr u 
SHwlI iillotmont by the bureiau for this purpose, iind liiis rnude stctidy 
progress. During tlie year circulars were addrt'Ssed to county olU- 
(daU in thoa.* sections? frtsm which no information hail been received, 
and good results were obtained. The thunks of the bureau are due 
Ifr. Arthur C. Parker, Stale archeologist of Xew York, for u large 
holly of valuable data regarditig the archeological sites in Xevv York, 
and to Mr. Warren K. Moorehead, of Phillips Academy, .\niiover, 
Mass., for d mil nr infoniiatiou respecting aboriginal remains iu the 
State of Maine, derived fn>ui his personal obserratinns. 

Mr. James K. Marie, us opportunity offered, continued his studies 
of the oereioonies of the Pawnee Ttidvans, under a imiiill siliotment 
by the bureau. During the year Mr, Murie submitted, as a result of 
these investigations, u manuscript of pages on “ The Xew Fire 
Ceremony ’’ of the Pawndc. 

Dr. A. L. £roeber, of the Unii'eraity of California, Ims made gtxnl 
progress in the preparation of tho “ Handbook of the Indians of 
Califoruia,” At tho in<!eption of this work it w.-is Iwlievcd prac¬ 
ticable to cooliiie the treatment to a very iiinitcd number of pages. 
By reason of the great diversity in the languages and the culture of 
the Indians of Caltfumla, past and present, huwerer, it was found 
that no adequate treatment of the subject was i>05£ible within the 
limits originally prescril>etl, constKjiiontly tlie handbook when pub¬ 
lished wDl comprise approsimatvly 200 pages. Dr. Kroeber expects 
to submit the manuscript in readiness for publication in the early 
part of 1910. 

The “ List of Works Relating to TTawaii ” has been added to from 
time to time by the surviving compiler, 1^‘of. Howard M. Ballou, 
of Hnnoltilu. Mr. Felix Kciimann bus devoted attention to Its cill- 
torial revision, but it was found nt the dose of the year that much 
work of a mechanirul nattire remained to be done before plans for 
publication could be completed. 

MAKcscnirrs- 

As in the past the valuable collection of manuscripts of Uie bureau 
has been in the immediate custody of Mr. J. X. B, Hewitt, whose 
work in this direction was considerably increased by reason of the 
necessity of returning the manuscripts to the newly fireproofed room 
in the north tower of the Smltlieonian building and reclassifying 
them. For the first time the manuscripLs of the bureau, which now 
number about 1,T00 items, many of which are of pricele^ value, are 
believed to be safe fram possible fire, lieittg contained in steel cases 
or on steel shelves, surrounded by brick, cement, and terni-rotu walls, 
floor, and ceiling. In addition to manuscripts submitted for imme- 
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(liute publicstjoti nr «'lsewl!eiie referred to in this re[>ort, the follow- 
ing aeeesrions were made during the year: 

LftiPina Indian DIctICkimty. Deposited by the wife timl son i>r the late Jitlin 
Bk llunbor. of BlDomHeld^ X J. 

Df+ A_ Kroeber. Fortj'-nliHJ Araimho (md Qrofl Ventre ids 

packages of sHp» contHliilDfr on Arapubo Tocsbulary. and a earboa copy uf a 
stiiily of Axapditio dialects 

Wor recorrl of Sitting: BaJI. depleted Jn 55 pletograpk^, with o tetter of 
nutliotitlcotlotth Ifepofflted by Dr. D. S. Lamb, of Ibe Anuy Medical irusenm, 

J. P. Duudl The third part of the translatlfth of Ihe ntioayiaod^i MlamJ- 
Peorla DJctJnnaryp the orlglaal of whleh I* ta the John Carter Brown Idbrnry 
at Protldencep B. L; 3^ pnge^ AxKimer to flrrcer. 

Photoiftiit cojjy of Grammar of (he PattewMtoroy Lao^age^^' by Her. 
Mmrice OalUdtid, the orl^toal of which is to pofi^Kston of St. Jdary^H Colley 
at Btors'St, Kaiis^; 452 

Xote should here be made of the great usefulness nf the photogtat 
apparatus acquired by the bureau during tSie Ibst fbcid year, which 
bus enahkij tlie photographic copying at slight cost of various mLinu* 
scripts, field notes, and rare books and pamphlets needed for refer¬ 
ence in the researches of the bareain These copies iiave Ijccn niado 
in tbo photogl yph ic Inborntory of the bureau by Jlr* Albert Sweeney ^ 
Qssistant to Mr. De Lanoey Gill, illustrator. 

PUBLICATIONS. 

The editorial work of the bureau lias bHiix continued by Mr. J. G. 
Gurley, editor, who from time to time has been assisted by Mra. 
Frances S. Nichols. The publications issued during liie year w^erei 

Bulletin -ill “ Bylcfrtoti'fl Choctaw UlctlonBry," edited hy .Taha IL Swanton 
and Hofiry S. HaUwrt, 

BiiHetlu 5^ ” Ust of Fnhl [cations of the Bureau,” which appeared in Angiifift, 
with a seewiii liuprcsfllciu lu llojv 101 Si 

Mbeetionoous publiecitjfias: 

Ndi 10. Olreulflr af Information Regamllng ladlati Popnlar Namaa. 

No. IL Map of LtnoulMlc Fnmlllea of AinerKnu tnillnas North af Mexico. 
This map, which 1 h a revtston of the irmp puliUahod to Bulletin m 

(TlaildhH^lE of Amprlwin India jot), xlom reprliUi'^l In udvanre fmta Oie pluto to 
the report on “Iiallnn Pepiilatton In the United States and Alnnlca,’^ aaliso- 
quently publLFhed by the Bureau of the CcnMim, 

No, 12. List of Indian w'ords denotlni; “ maix" prc^piu-id in plati^rd furni for 
nse In the SmlthsonSjan oxhihlE at the FanaiDa-Pactoc Exposittoa. 

The status of other publications now in press is ajs follows: 

Twenty-nlutli awmal J^(iort The ” m-compaaytoB: pai»r.” UiIj* report la 
-‘The Kthnoiieof^phy nf the Tewn Indians." by J. P. BiirrloKton, n wotk 
preseatlni^^ many teebnleal dUflcultlea. Thu solution of these wua retarded by 
llio Illness of tlw nutlior^ which resulted to hb^ towifmclty for several months to 
deal w ith the vartou^t i^ua^rttuns mHalnjt to connection with the text The rrad- 
Ittji n£ tho proof has bocct carried forward jus rapidly us dreauisinnci!^ w'oald 
pemlt, ntid at this time tbo entire report Is paged with oxeopUuu of the List of 
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pXni^ iuim«f, iti nmulrtir, nrul linles. Omalilt'rtibre praijtt>sfl has brtn 
mmlo Sn thp fiiml l-nndlug of tlM* papo pmot Tfci& number of paf^ Sn tbs toI- 
ome festliuzitwl) wMl b« 060, with 21 pSjitt^ 31 mft[wi, and 1 dShKniiii, 

Thirtieth anonitl rep(>rt This report, whkh cfintalnA an ** neeontpfthylBS 
pnpi'^^ ^ "The KthQobcatiihy tvt Oie ZuCI lodlniu?;” hy Ml*. M, C, atevensnti, ami 
anil Falhlore of the Cltilnna ladlnns,'* by Walter E. Roth, has U^ep 
^made tip" nnri read tirroutb three page proofsL At the eml of the year tho 
rep(>rt 1^53 waii prartlenlly ready for tho hindory. 

Thlrty-Jlrr^t anmiol report Wltli tbla rapart L« Incoipomted n memoir on 
"‘THlmMdnh Mytholowy,” by Df. FwiPje Boas. Of Uils niatortnl less thou Imlf 
(3Glj Imd boon paged at the beglhatag of ttie Usoal year, ’With the 

progress of the work n largo amoont of iie^v lanltof hm t»oen Irwertcd, oece^iKt- 
tatlag eonsidpmWo reTlsIon from tlTm* to time and the rwidlng of Berernl gal¬ 
ley aad page prmifa of the greater iMirt of the meimdr. At this wrltLog the 
make-ap has been Mirrled through page 092; and Hr, B^ms looks forwcinl tss 
paging tho remnloitiji: niAtorlal at an onrly day. Tho memoir vrill eontnin In nil 
aliout fiW paroSk with 3 plnlois luiil 24 teit tlgnrra. 

Thlrty-se«md flomml n'|>oit* The momolr necompanying thin report Is oa« 
tith'd " Seneca Fiction, Ijegemlfl. and Myths," the material of which w^^s col- 
iwtc^l hy the bite Jeremljih Cutt\ti and J. N. B, Howltt and «llte<l by tbe 
latter. Tlie mjuia*HTt£d reached the burenh for publlrallon aljout the middle 
iif October awl when the lb*Cill year elo»ed more thnn one-fourth (82 galkya) 
bnd tJOPfi S 4 ‘t up. The numla-r i^f |stigi* will appro3ciiiinte DOO. 

Bulletin 40. "Ifamlbook of AnmrLcun lodlau I^irt 2 (Boas). 

During tho year tT,vo aeotloiis of the Btmve-auiiieil Imuilbnok have rtswlvcd atten- 
tioa—tlkt> Clinkohee (Bognms) and the S^hiMlpw iFrachtehberg)^ After ihe 
former had put Into ikum^ fnrni tn the asteiit of 50 pages work tlioreciD 
had to Ijo suspended t^y reason of tho Impossndhty of commxmliJtitTng wdth tho 
author of the soetloa, who Is In Hussin. The Kla^taw -sertloii 115 galleys) Is 
now at ihe Ch.»verriiiitmt FrlntLng Ofllee for paging. Two of tho lllrLHLniUye 
skidt’bea*^ of part 2 of this hulletln, namely, Takelma (^^nplr), 209 pages, nnd 
Ci!Mfc 5 i (Frai"litciil3erg>j 133 pagi.*^ have already appcaretl la separate form. 

Bnllrtlh EiTiv -’ The Krlinohotiiuy of the Tewu ludlans^' (Rohhlm^ Harrlngtau^ 
and Ftolrc-Mii rtoco), Afttir tlte luaniiseript of tlxlii bnllettn IuliI l^n prepareil 
hy the othi*r anthoi^ hon> uaijh^I jtinl hml paasei;! tpio gnIhT proot Mlfia 
Freirfi-Mnrrecii liieorporahMl the newt Eh ELdEllthaml nyLtoHat to the extent of 
jHiftxtly enlarging anil practically rccastln^f the memoir. l^uhsHtuontlyp mi 
account of ihe Eurcipi'an war It was fonnd ImpmctlEzahlc to get from Mlsa 
Frfdn’-Mawin^ the piwif fient to her far cfnreetlon and In the ahm-nce of her 
ppvision the task of putting thw bnllrtln Into fltuil form Las pruvod cHfhcnlt. 
Half of Ihe nmterlab bowuvtr, has been paged anti It will lie possible to cen> 
pk-te till' work In tJso near futare. 

Biiltetln 57, ‘'An Ttitroclurtlnn to the Stmly of the Alayn RSemglyphH " (Sfnr- 
ley). Ttie first ppoof of this publication bearing the anthor's eorTPctlnas 
reaches! the Impchti the mhldle of ^ptember, Since then two udLlltlonal proofs 
hare been rcTtscd, the charaeter of the TiMterlal btdng atich to njqDire gmit 
care and cirndni^^ In the %vork. The author Is now engagerl In a ftnul midEng 
of the pufi^. rnrartuaatoly tho progresH of the work Isas Ijeea dolayoa Hoyeral 
nronths by his ntii^^nce In Contra I America, Ttie volnmo will oentaln, whvu 
eompleteii, about 32(1 pages, with 32 platea and SH flgnrc^ 

Bnlh tin 53. ** Katciml Thk^ ' {Jionn and Charalrt‘rlain), The timnawcrlpt of 
Ibis bulletin was rft.'idrwi in Mnreli nail, tifter l>olng eiiltoil was [ih[eed In tbo 
Imntls of the T^nbllc Printer. Uy ibo niMdte of Jane Ihe find proof, complete 
(125 fulk-yn}^ bml lieen forwurdctl to Eh-. Boas. 
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BnllptlD 81 , '"Teton f^lonx Xtusli?"’ tlX^iaienioit!’^, The malerinl of thh* hull?' 
tln, comprl^iEn^ IhOGT 'Qf mnjmArrkiit, aiml ctiliy fur SO 1!0 tujct 

ftjTQrej?, anti 203 fo]lD 9 of luiislc^ wmi tipfiroveil for puhllcntlon Lo J-ono^ too 
iatG for IncliiFilaD by tho rrtnttni; Omc^ under tlie bur^Bii^s nllotnioiit for tills 
OjicaL yoflT, 

As daring tlie Iv^t few years, the corrcsponcJeuce aris^iiig ffx>tii the 
large demand for the publicnlions of the bureau has been in the im- 
medinte uharge of AIiss Helen Jftitiroe and Jlr. E. L, Springer, of 
the Smitlisonian Institntiaii, agisted during part of the year by ifr^ 
Thomas F. Clark, jr., and later by Mr* William A. Humphrey* The 
distribution has been made, in aceoixlfinoc with lawj by the aui>erln- 
tendent of documents on order of the buream The tota! number of 
puhlicationa issued d luring the fiscal year was 10,185^ dLstributod m 
follows! 

Atinaal repo^rts^^^ - _ __ ___ _ ____ 1,230 

-—___ . . _ _ g, filS 

ContrlbutlocLH t(j Xurih KihmjJiiay---- - _25 

Inlrcrtliictloii:^_, ,. . , . ____ g 

MlTfceltnur^as-^-*^_______ _. 3 ^ 

TutaU------- 10 , iRTi 

Thin total shows a decrease of 2,(^4 volumes in eoinpariaon with 
the year 1013-^14, due largely to the retentmn in tlui traixsinisfsion of 
certain publications to Europe by i\^a>n of the war* 

lU.UKTRATJON^, 

llie preparation of illustrations for the puhljcatlons of the bureau 
and of photographic portiuits of the memliei’s of visiting Tndian 
deputations has continued in charge of Mr. De Lauoi^y Gill, illus¬ 
trator, assisted by Mr. ^Vlbert Sweeney* Tlie photographic work 


during the year may be clasjsed as follows: 

Portrait negfttlVf*? oE vIsEtla^; (Crow, Osn;^, Cliliipewa+ niul 

Sloas Tribes) ___ _ _______10 

Nei^atlvea cif etlioolo^lc aubJertH to UltiHtnito pubncatlofi^. ___ IS2 

Develciiiueat of nepLlilvra cx]Hij!Lwl tiy norUra^__ ____ 

PliotogTBphlc print* for tltstrtbtitloa and fur tifElce _ _ 090 

PhotuRmpblc for publk^utlon aotl for dOke tiflo___ 320 

PhotoBTOphlc priata for uxblblUoa purpdsts 5 ^^„__ ___ _ 

SnLnll pboto^rapblc prints dlstrlbatE?d tbiofly fur sclwitlllr pnrporM 5 t_^„,. 350 

DrawLat:* prepnreO for iiliuftrntloaa^^___ _ 30 

Pbotostat cioples (pagis) of tiooka ami tnnmiscrlptH__ ^ _ 1,*I52 


In addition Mr. Gill gtive the usual attention to tlie critical c.tami- 
riation of engraver's proofs of illuigtmtions ilcKignod for the publica¬ 
tions of the bureau, submitted by tlie Public Printer* 

In the last report tnention was made of a series of photograpli^ 
of Indian subjects that has been exhibited auocscssively by the Xew 
^orfc Public Library^ the Library Commission of Indianui and the 
Provideni*-ti Public Library. In September* 1914, in ref^ponsc to the 
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mjUfiid of tlie Public Library of HavflrUilL Ma^.^ thfe series of pic¬ 
tures was seat for public oibibition in that library. In uddition* 
collections of photographs of IndiEkn subfects, dosigned to illustrate 
in part the work of the bureati, were sent for esldbition at the Pan- 
ama-Paeific Espodtion in San Francisco and at tbe Panuraa-Califor¬ 
nia Exposition in San Diogc. 

LIHIUHY* 

The reference library of the bureau has Wn in the continuous 
charge of Ifba Ella Leary, librarian, assistetl by Ill's, Ella Slnugliter 
until her death on Norember 1, 1914, and ^fulisetl«ent]y hy Charles 
B. Xewman. messenger boy. During the year 007 iiools were acces- 
Siijoned, but of this number onlj' 448 were newly acc^nirefL the reniuin- 
der being represented by the binding and by entry on the records 
of serial publications tliat had l^een in possession of the bureau for 
same time. Of these accessions 1S8 volumes were acquired by pur¬ 
chase and 310 by gift or through exchange. The serial publicalions 
currently received number alioni 700, of which ouly 17 are oUsiined 
by subscription, the remainder being received by exchange of the 
bureau s repoits and bulletins. Of pampltkt^^ 294 were acqtureti 
Tile numijer of volumes bound was CTS. The lihrary contained 
20,237 volumes, 13,188 pamphlets, and several thousand mibound 
t>eriodicals at the cloi?c of the year. The number of books borrowed 
from the Library of Congri^ for the use of the staff of the bureau 
in prosecuting their reseurehes was al>Dut 450. 

The new steel bookstacks in the eastern end of the main h-ull of the 
Smithsoniim building, referred to in the last aimual report, were 
finished and placed at the dispNJStit of the bureau in August, when the 
work of i^inEtalktion of the Ubrory was undertaken by the librarion 
and promptly carried to compiGtion. The facilities afforded by tlie 
new stacks are an impFovement over those of the old library equip¬ 
ment, while safety is greatly increased. 

WLLEOTIONS. 

Tlifl folIoTving collections were acquired by tbe bureau nr by nmn- 
bers of its staff and transferred to the National Museum, aa required 
by law: 

Model of twlet fram the EiLst Clierokre nescrriutloa, Swain 

Cfiunt>% N. C. Collcctcit by Jarnofi Moonc^v Bureou of Aniprlcan EUinoloi^. 
f 576 G 9 j 

179 arebpologlail abjecta from the lower Mlmlires Valley untJ an cartheawm^ 
tubc frotn Chsaa dmtiUL^^ CliihunhiiDK Xlexlcti, Collectod bj Dr. J. Walter 
FoHThcs, Borenu of Amorleaii EtliiioliiK;^'. f.VMi 74 
Threv fl^urlncs frmo iht? T^wa luUlan^ oC Sow Xtcxlco. GollectoU |iy 

Mrs. M. C SteweasDD. Bnrequ of Amerloin ElhDoIosri'. f53129.} 

Snlp^ lltUr rtf the Slfuis LuUlfthM. Eliecelveil from Rev. A. McG. Reeda, of Korth 
Dakota. ( 53254 ) 
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P'lve nfcttoologleAl objects firom Vlri^lDlu. (lift ot VT. B. Burluiio, af Ncw- 
sams, Va.; natl n itfekluce preseotwl bjr Uts, J. It. Kello tttwl iMfi* ilougltUir, 
!tlls9 Uflttle KeUow (9817?.) 

iniOPEHTY. 

TKe most vnlueblo property of the Uitrenu consists of its library 
(of wludi brief statistics have bocn given), a coUeciion of impob’ 
Jisbed manuscripts, and several thousand photographie negatives. 
Comparatively little of tlus material could bo duplicated. 'Fbe other 
property of tbc bmeau is descriljod in general terms in the lust annua] 
report. Tlie total cost of furniture, typewriters, and other apparatus 
acquiivd during the Hscal year was t^53.3o, 

miJCELL.\> EOUB. 

qUAHTUba. 

The quarters of the bureau have been improved by the completion 
of tire library bookstucks, previously referr^ to, and tbe InstalJatiou 
of additional electric lights in tiio library and in one of the ofllce 
rooms. 

ruiisoxjinu 

The personnel of the bureau has been clionged by the appointment 
of iilr. John P, Harrington, ethnologist, on h'ebruary the death 
of Mrs. Matilda Coxe Stei'cnsou, ethnologist, on juue 24; the death 
of Mrs. Ella Slaughter, classified laborer, on November 1,1914; the 
transfer of Thomas F. Clark, jr., to the National J^luseum; the ap' 
pointment of William Humphrey, stenographer and typewriter; and 
the appointment of Dennis Sullivan, messenger boy. Tbo cori'o- 
spondence of the bureau and other clerical work has been conducted 
with the ai^iatnucQ of three clerks and a stenographer uod typewriter. 

Kespectfiilly submitted. 

F. W, UoDua, 

Ethnohff «/*«!• Vhtmje, 

Dr, CnARUis D. Waloott, 

Btcrtiar^ of the Svtitiuioman ImtUuHon, 


ArrEJTDTX 3. 

REPOTiT THE INTERNATIONAL EXCHANGES- 

Sir; T liflve tlio honor to submit the following report on the oper- 
ntions of the Ijitemationnl Exthango Service ilm-ing the fiscal year 
end ing Jone 30,1915; 

Tlie sy^em of international exchanges is based on the convention 
and tljc resolutions of Congress briefly refernid to below: 

Convention lictwccn the Unitcil States unJ several other countries 
for the internatioiml exchange of olHoial doenmenta and scientific 
and litenuy publications, concluded at Brussels in 1890. and pro¬ 
claimed by the President of the I’nited States in 1889, (Stat,, XXV, 
H05,} (Since the ratification of this convention, several additiotinl 
Governments have signified their adliercnce thereto; while a nutuber 
of other countries, though they have not officially adhered to the con¬ 
vention, have established international exchange bureaus.) 

Resolution providing for the exchange of certain public documents, 
approved March 2, 1807. (Stat, XIV, 573.) This resolution pro¬ 
vides that 50 copies of all documents printed by order of cither House 
of Congress, and also 50 copies of all publicatjons ksued by any 
bureau or depaiiinent of the Government, shiifll be placed at the dis¬ 
posal of the Joint Committee on the Lihrai-y for exchange with for¬ 
eign countries through tlic agency of the Smithsonian Institution, 

Joint resolution to regulate the distribution of public documents 
to the Library of Congress for its own use and for international ex¬ 
change, approved March 2, 1901, (Stat,, XXXI, 1404.) By this 
resolution it is provided that, in lieu of the 50 copies of the publica- 
tiona rtferretl to in the above-mentionetl resolution, there shall be 
placed at the diapiisal of the Library of Congres for its own use 
and for uitomational exchange G2 copies of such documents, with the 
privilege, at the request of the Librarian, of enlarging this number 
to 100. 

Joint resolution for the purpose of more fully carrying into effect 
tlic convention concluded at Brussels in 18SG in reference to tlie im- 
nicdiutc exchange of Oio cillit;ial jovimal^ approved Maroh 4, H)09. 
(Stat., XXXA% lim.) Thb resolution provides that auch numbef 
fls may be r<?qnired, not exceeding 100 copies, of the daily L^ie of 
UD 
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die C'ODgres^ioELBl Record »hi^l] be applied to ilio Libniry of Con- 
press for distribution^ tbrough the Sniltbsonion Institution, Ut the 
legislative dinmbers of srodi foreign Governtoents as may agiiee to 
send to tiie Onited States current copies of their parimmentii-ry 
record or like pubilcutioo^ 

Tlio estimuta submitted for the support of tlie service during 
^vas $33^00^ including die allotnient for printing and bindings and 
diis amount u jlb granted by Congress; The repayments from privuto 
and departmental sources for the transportation of exchanges ag- 
gregftted making the total uvaitablo resour^ for carrying 

on the Exdimige Service $37,01 DJI. 

During the year iD15 dio total number of packages handled wtia 
2T5s756, a decjenise of ns oompared with the preceding year. 

The weigiit of these packages wua 307,854 pounds^ a deereai^ of 
lODj^l pounder. Tlicso decrejiscs were caiisv'd by the suspension of 
shipment to a number of countries ou account of tUe European war, 
a& explained below^ 

The number nnd weight of the jiaekages of diffeixmt classes ore 
indicated in thu following tuble: 



rnclusn. 

WAiffal, 

SdCtt^ 


$mU 

UmxLv#L 

UELaAfl Sutra iMriiiLmcEitiiiy dHEmbaLtn ihqI 

t3S,0W 


7*,m 

___ 1 

, /Vmifetft. 

1^ loiu in nHlum fotf pwUuiifintary dficiiaimii. ^. 


1 ■S-WT 

Ufllirtl SLoirt dflriifiUTtiU intit .... ■. 

IhahlJratlc4Viffyu£riMl Inn'^LiiiTk ^'or dA|Mrtra£!||iJildoruiHdflU-. . . . 

7^,G3I 

IIS.MLI 


11,3^ 




IClHfiRAiHoiiaacb^ilAn uul hlnm^iiaM kallou rinnL Klimri h ,. 
If aci<iiiOiiu 9tvl lllmiilYpdWVTilkw^lwn^a ft«n 

sbraidlwrfntrlhfiilimiiithd .. 



au.GT? 


. . . . .. 





vr.Tai 

cimiril . . LX.... ..: 





It should l>c added that the disparity lietwcen the numl>er of pack* 
ages dispatched and those received in behalf of the Government is not 
so great as indicated by these figures, Packagi:^ sent abroad usually 
contain only a single publkation enclu while those received in return 
often comprise many v'olumes. In the ease of publications received in 
exchange for porliamentairy documenta and some others the term 
■"package” is applied to large boxes containing a hundred or more 
publications TSo lists of these are made in the Exchange OfRco^ as 
the boxes are forwarded to their deEd-inations unopened. It is also a 
fact that many retums for publications sent abroad reach their des- 
tlnutioiiii direct by mail and not through the Exchange Service, 
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Of the iK^xes- ttsch] In forR'flrding eiEchanges to for^igi^ ngcn- 
desi for <3i&tributioHi. 220 eontained fall sets of United States oniebl 
documents for autlinrizcd depositories and l.Wy wetie filled with 
cIopmtmeDtfil and other publications for depositories of partial sets 
mid for miscelljinooujs correspondents, Tlie total number of bo^es 
sent abroad during ID15 was S 12 less tliMi the precetling year. This 
dccreaee yrm due to the suspended sliipmEmts to rertain countries 
owing to the inability of the Institution to secure transportation 
facilities for forwarding conslgmiicnts to the various exchange agen¬ 
cies which condition has I>eea brougiit about by the European wrar* 

Owing to the disturbed canditions which existed in Europe and the 
interruption to iranspoitiition facilities^ ^ipments to all European 
countries^ were suspendeil during August and a part of September, 
19li. On September 17 transuibsiions were resinned to Great Brit¬ 
ain, and during tlje month of October to Denmark^ Holland, Italy, 
Xorway, Portugjd, Spam, and Sw eden. Thitmgh the courtesy of the 
minister of the Netherlands: at Wnshingtoii, arrangements were made 
to send consignments to Sw itzerland by way of Rotterdam, and 
trrLUsiumlaua to that country were resumed on November 2 * On 
Decemlx?r 8 shipments were resumed to Greece, und on January 23 
to France. At the close of the fiscal year, therefore, the only coun¬ 
tries to which shipments were not being made w^ero Austria, Belgium, 
Bulgaria. Germany, IIungaryT Wontenegro, Roiimania, Russia, Ser¬ 
bia, und Turkey. Steps are lieing taken tbmiigb the Department of 
State to send exchanges for Gennany to the American consul general 
at Rotterdam for reforwarding to the German exchange agency in 
Berlin,aD(l it 13 hoped tliat iho exchtmgo nf pubiications with Gemmnv 
will be nesuined at nn early date. Throng the assistance of the De¬ 
partment of State, arrangcTDents Imvo also been made for the for¬ 
warding of esjchiinge oortsigninents from Gem! any to the United 
States through the American consul general iit Rotterdam. 

The Kus^mn Uomniisaion of International Uxchonges was ap¬ 
proached with a view to sending exchange consignments to Petrogmd 
by way of Ai-chengel during summer months, but the commis- 
sioQ replied that, os the route in question presents so many difficul¬ 
ties and is so cneiunbered, it would prefer not to make use of it, and 
not to renew the Bendings until after the conclusion of peace and the 
reestablishment of the regultir communicatloiis. 

Tlie number of boxes sent to each foreign onintry and Dm dates 
of transmisaon are shown in the following table: 


i^efout the siicretahy. 




of fOF foreign muntria^ 


Cbuolfy. 

NnfOn- 

bard 

bo(fffaL 

ABarpcTOrJi...___ 

44 

AU’VTKifiA ■■ -M. L ■m.w B.Kfl ^ + ^ 4-^ 

ID 

TlHTjnrr’H. ... . . 


ilcrtjn^.._- 

9 

lea 1 Ifl ... . 

1 93 

Oomnn €OLOXtU.... 

Tl 

bunm OinaiFA.^,, 

4 

CAaiJsa... .... 


iTima _ _ ____ 

33 1 

Ceraro....^. 

J2 

Ooumau.. 

13 

OMtA Rici,..,*. ... 

17 

OoiUi..............^.,,..^.. 

a 

£>19«alii_ 

a 

EeVAbob........... 

6 

EiTTFT_.. 

11 

Fboafo:., 

m 

aiiMJurr 

6 

u nxA7 riiutADt aicD loatum. 

347 

Oiiirr........^..... .. 

11 

abaiojuj-i..., 

X 

Maui.. _ 

g 

MbanciuA.. __ ,..,.... 

6 

Hihwa tay _ 

3 


43 

. 

01 

JAvaiuA. ___ 

3 

jATAS.r... ... 

X* 

Kuua... ... 

X ' 

blOWA 

4 

LOcbsse^p MAai34™i...._.*^^ 

7 

MAltiToaA. . 

A 

M^nco..... 

A 

HoTHEiHAiriia 

3S 

Nkut flcur^ AFJUJta...^^-..*. 

79 

Ktr .. 

» 

NJCakAboa,.., 

F 

NtawaT,....,-. __ 

a 


PllhtQ «f tnosmlakw. 


JuJj tSfSctj^l.9, Kotf, it, Uw;. IT, l^lis Jift. Ep Fi^t.», Apr.J?, 
Uny 90^ Sp 11^1^ 

OcC. a, IhK.^ 10^, 11^14; JuL Ua].’ 10^ JdAc IJI^ 

JtJj- IA, to, OeL 10, Ntrf. ll, a, Dct IT, 10(4; Ju. 77, Fttts,», 
A pr- aSp HDjr Kp Jima 7S, im* 

JtiJt 01, ^pL lT,ffl, Od, aip Xoth. T, leii; /m. 7, JO^a. 

Fff b. 1^ Ubt. Sp Ajsf, 30^ Mftj 1^ jtfflTj la, 10^ mt. 

D4?Lai, TPli; Hst. U^MRyl, 10|3, 

JuIT 3Dp Xflf.a, lOH; Jb£i. 31p Mar.X|, Uay70, IfU. 

July 10,OtL 10, Nov. lA.ihv;, ITp Itll; Jm. 2S, FuK », Apr. £l, 
Uiua,J|£t»i: », lOlA. 

Ort. iSpXflT. 4,1011; Joft. 7,». Mar. 1, Apf . ia,Btfiy 13, Jdwi la; 

tm. 

Oct. a/Dw. l?p Ifli; Jon-O^ FQifc>, 3Ip Haj L\, Jwi JO, lOlSL 
Otrt- aj, Diii, J7p 1011; Jm, Sip Fob. If, Maj 4 ^ Jmw|$J0. 

JcUf ». Not. »p lOH: Jm_ ai, Maf, Mp Hky 39, JOU. 
jQij atp OcLjo,Nov. 17, Dft 14,101*; Jm. h, Ptah, 30, ifET.air^ 

Od^Up tN^ iTp lOll: lira-79, Fob. 27j J^miOp lOlB. 
loJr aip Nor, 14,1014; Jbeu |7; May Tmw a, JOIBl. 

July Ip 1014; Ja^.XI, F^b, a, Apr^ ao, May Up 70, Jqm 14,1014. 
JniFTpieUJ 

July 3, n. mSIpBlpL ITp 35, lk€, », Kar- T^ i*«, 4, li, 10, 

Ifip mi; Juulpfrp £4,23p»p Feb,A, p. Mar. 13,7?, Apf, »,74, 
Mat 1,1, Ui aumti 10, iFp 3Bp 1014. 

Of!i, 0, JJoci 1014; Mu. U, May 10, Janio 71, lOIS. 

Od.aip loi-l; Jatl.3a, Fab.n, Uarr, Jam IT^ lois, 

1 olf 30p Nut. ap, loli; Toru 31p Mar. XI, May 39p 1010. 

OcL XI, 1014; Ion. 38, Fab, 3?^ May T, Jcn» 17^ lOU. 

Jalr0^1014.< 

Jfliy Sp lOp Oip &ipt. 17, ss, 4>at, ftp NffT. 7 , |>«.4, flIV mt; Jm. 
l*i W, Ftlii^A, Pp liar. 9^ », Apr. 10, Tip May 1,9, lOp 33^ 30, 
jEme Up lOp 39, TOP. 

July U, Od.7, Nut. 13, DaMi, UJJi; Jim. p, f^b. l7p Mu, ll, 
A|ir. 13, May 11,71^ tmn llpTS,10|£. 

Dd.a, Hue. Op 1014; Jon. 3ft,Mar. Up May I0,3taw a, lOi*. 

July Ifl, Nut. 39^ Chw, 71, ||J4; Jwt »p Fob. 06, May 4, Juu 4, 
lOliS. 

Jmu 3, Mar. Up May iX, Jinw »p mL. 

July 34, Not. 19^ ION; Mu. U^Muy U,1|I1A^ 

Dec. 10 , 1011 ; Mar. lOp 1016. 

July XD, Nqt. 30, lOH; Jab. 31 p Mar, XI, May a, TOP. 

July aOp Nar. 30,1014: Jim. 31 p Mu. Xl^ Moy a, 1015. 

Oct 12, Nipt. Ip Doc. 3,1014: lib. Op Fab, 10, Mu. Ifl, Apf. 12, 
May P^ST, Jtlfia NpTBp 10|5. 

July 14, Out, 3, Nut. 14, Dwi, p, ION; Fob^ Ti^Apr. S, May4; 

Jims pit 

July 14, Out 3p Nnr. U, !«*; Fob. T*, Apr.O, Miy ip J™ Iflli 
Oct 31 ^ 101 *; Jm. Kp Fob, 57 ^ Mi^Tp Jam JT^^lOli 
Jaly M, Oct 10, Nor. Dot Jt mr, Joeu 14, F*lk », Mar* 
XbpMay tJw Ip p!£. 

1 ^poHiU tamporarlly joipGEkiM fib i^cmuiuldu Eoropui wtr* 
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Von*igtmmii‘of«3seiKO\^jifetJcTfi^i\ eonntria —Cciatlnuad, 


CounErr. 

Knot-' 
tATDl 
box CL 


OMTilftn .. 


JqIj au, N"*V. », 1911^ JbJi- at, Maf. 31, Ucty iBlfi. 

Pimf pstl ^ . 

] 


........ 

e 

Ckf.Ai, Ifoc.4, 1914; iwn.n^WitK2J, Ubt. la^Map 1.lu^ 

.. 

If 

Julj Iftp Ort. SO, Kut* is* Dech 11, IBH^ Feb. 37, AtjT. aOp Uht 
3Q,lmiD £1^ IBlAi 

tV^TL'QAl,. .. 

u 

Inly 31, Offt. 9, 13, lJ«i. 14,1914: F(b, SO, Mar. 30, Mny 4p 

}Ki»^ 4p IBIS- 

QiriWKC.... .. 

£ 

July 3D, Nov. 1914 ^ Jen. 21, UbT. 3t, Ifij », JSU- 

CjiriEWLUfD 

J7 

jEdy lip nrL 2, Nffv, U, 13*:. Ifl, 1911; Ftsb. 24p Apr. 9, Miy a. 


V 

July Bp 1914.! 

flAATAlKia. + . ...p ... .. 


rkt-llp I9t4: JAH. 3S, rob, 37, May 7p Jehu i?,IftlSp 

SLiii.... ... 

i j 

Ufc. IQp 1914; If&r. 13, Uay I3p Jiuifl 33^ lB]<S. 

BQvrm 

US 

July 14p Oct. 2, Ntjr- Up llpc. ID, IBli; Jm- 3D, Fcfa, 94^ Apr, B, 
AlAyipJUWS^tBIA. 

drAUt . ... . . 

31 

doi, 9^ Nov. |A« IB14; Jail, lip F^K IT^ Ifoy T, liuvt 7p IfiU. 

SWDEIf .. i .. .. .r.* i , 


July 9^ Oci. t3y Dn.\ Ip JB14; liA, 0^ Fch- in. Ifor* 10,13, Apt. 
39. H[iyJ».Julw», IBtS. 

aTTllB.TH4.SP......... .. 


Ittljf 11, No?^ 7, JJa. Ai nils Fob. 9» liar. 11^ Apr. May 14, 
39p 19JA. 

... 


Itay 39pCM^29^]31iri 

July 11^ 3li 39p OvU 3fip Nut. Dm. Ap 1914^ lui. % 14, 

Fob. Ijtp Aor.^OpIlUlo IBp im. 

Turn Jtii .... . p .. p 

H 

Tumi4l>..p ... 


OUL Itocv ID, im-, Jbq. 3Sp May lO, Iehhi 23, ISlA. 

fOlKEf ...................... 

I & 

^ Ialya^dci.3S,]ai4.» 

trNiQii Cl? goTrm AntECA..... 

30 

July &p rJct.aOp dtc. IDi IBM; 13, Vtb, Apr. llAy 3J^ 

Jii[qfi2S, 1919. 

U^AVaifAT.... 

\ 

July 19, PcL »p Hw. ISp Dk. ITp 1311; Jiis. 38;, l^b. 37^ Apr, 
SSpMny 30, JimoZip 1913. 

¥lHnWLL..... 

11 

Oct. 3D> i:3». Up i9U; Ib£l Feb. »p ITiiy 8^ Judo 14, IBIS. 

VlCTQBZA . . 1 ..^.++.41. p. p 

1 as 

July 14, DclL 7, Not, U, IBHt Juv- »p Feb. Itp Aper. B, 

Uay Bp Juiu S, 1911. 

Wnnjtv iT?iTiArjx 


July 1, Jlp SopL IT, IS, Oct.N ut, T„ Duq. £p 13,1914; Jan. IB, 
^ FiK 9, la, Mur.a, SD^ Apg-.JCi, Jufla |J, wm. 

WinfiTAjin Ajra (.utau^ 

fi 

Por, lDpl9l1; Mar. UpJima ^^lBlS. 

IflLAJTiia, 




i tompwnriJr dd Kcotoii of Uio EuropHui wu. 


With the exeopthKb of oae package for tlio chief secretai^ to the 
govemiucnt of Madras, India, and one for the undersecretary to the 
government of tho United Provim^a, Allahaijad, Inditt—each con¬ 
taining 12 Unitotl States governmental documents—no consignments 
have, eo far as the InstitiUion iiaa been informed, been tost during 
tho year, which is considered remarkable in view of tho number of 
ships sunk by war vessels. 

A number of boxes have been detained at several ports of de¬ 
barkation owing to the foct that the vessels on which they wero 
forward!^ have been interned. Wlierevcr posaible the Institution 
has obtained tho release of these consignments and they have been 
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Ecnt forward to ttieir destinations. At dio dose of the year one box 
for So6a| ono for SerbiiAj and two for Sjria^ dl fon^arded from Now 
York Jtiiy 2, 1914, jHrr steamship Ba^b(!r<^^a^ were liolil at Bremen^ 
Germ any ^ and foar hoses for Pretoria, forwarded from New York 
July 10 , 1914, per Btoamship RaxienfeU^ were hold at Bahia, Braz;iL 
With the exception of tho latter, these consignments will probably 
be held until tlio dose of the w'ar* The Institution is endeavoring 
to have the boxes for die Government Printing Works at Pretoria 
released and forwarded from Bnhin to de^itintion. 

During the year the Institution has obtained for the LibraTy of 
Congress from the Chinesa Government, in exchange for the full 
series of Unitetl States official documents sent to Chinai a set of tho 
Imperial Institutes of tho Ching Dynasty and of the Imperial Rec¬ 
ords Relative to the Snppre^ion of Rebelliions. These valimida 
works comprise a total of GSt volumes. Many other foreign govem- 
luental documents have Ijeen obtainetj tlirotsgh tlie Exchange Service 
for the Library of Congress. In special instances, when rc^picsted 
to do acjj ilie Institution has need the faciliti<^ of the Exchange 
Serriee to proenre pnbILeationa for both foreign and domestic gov¬ 
ernmental and scientifio establishments. Quite a number of reqiie^ 
of foreign organi^tutioiis for publications have been received from 
American consular ofOcers through tlie Department of State. 

Owing largely to the edorts of Mr. Vittorio Benedetti, rcccnlly np* 
pointed chief of the Italian office of International Exchanges, the 
eervlcc between Italy and the United States has l^een very much 
improved during the year. Mr, Bene<letti has presented the Insti¬ 
tution with a typewritten copy of an account prepared by him of 
tho origin and development of the International Exchange Service. 
A translation will be made of this interesting document and placed 
in the archives of the exchanges for reference* 

The act making appropriations for BUndry civil ^'be 

Government for the fiscal year ending June 30, I&IG, induded a pri>- 
vision authorizing the Government branches under the direction of 
the Smithsonian Institution to exchange typew^riters, adding ma¬ 
chines, and other labor-saving devices In part pajmieat for like ar¬ 
ticles. ThU oihee exchanged four typewriting machines during the 
year. 

Tlie mnUigraph duplicating machine supplied by the Institution, 
whicli has been in use bi the Exchange Office since 1903, has lyeou 
replaced by a new machine. This rnuUigraph, with stands cost 
^^233.60, and w*a3 purchascil from the appropriation for the Inter- 
iiationai Exchanges* It has been found to be very useful in the 
printing not only of circular letters, but of envelopes, labels^ and 
other forms. 
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AKKLTAI, aEroRT SMlTUSKlXTAl! li'STmmoy, IRtS. 


The Trails, ceilings, doors, and woodwork of tlic governmeDt and 
Upping rooms w'ere painted during the year and tlie government 
room was prorided with a large sorting table 27 feet 3 inches long, 
2 feet lOJ inches wide, and 3 feet high, with drop leaf at end and 
two draw-era and shelves. There are only two windows in the gov¬ 
ernment room, and on account of the thickness of the walls of the 
Smithsonian building these admitted very little light. The windows 
In that room have therefoni Iwen splayed, with the result that the 
lighting has been greatly improved. 

Another room has been assigned by the Institution for the use of 
the Exchange Oflicc, which has facilitated the handling of tlie many 
packages received for transmbsion through the service. 

The unsatisfactory electric lighting system throughout the Es- 
dio^e Office has liccn very much improved by the instnllatLon of a 
semi-indirect lighting system. The washroom provided for the use 
of tlie employees has been fitted up with two lavatories. 

FOltEION BEPOSITOlllES OF TJNITKD STATES GO’^’ERNIIENTAL 

DOCUMENTS, 

In aocordnnce with treaty stipulations and under the autliority of 
the congressional resolutions of iTarch 3, 1867, and March 2, if>0l, 
setting apart a certain number of documents for exchange with for¬ 
eign countries, there are now sent regnlarly to depositoriM abroad 
56 full sets of United States official piihlications and 36 partial sets. 

The partial set of publications sent to Ceylon has in the past been 
forw^ded in care of the American consul at Colombo. Tlie consid 
now informs the Institution that the (iocumGnts in (jiicstlon are de¬ 
posited in the Record Department of the Library of the Colonial 
Secretary's Office, and consignment will therefore be sent direct to 
that office in the future. 

The recipients of full and partial sets arc as follows: 


OKPOSlTORIES OF rCLJj SKTfl, 


AxiTEjnTNA r KEItiliitcrln ds? Utki-Jonffs ExterloTOv Atres, 

Awhlu^a Llfemrs^ of tlie Couisnanw^ltJtL PurllanHTitH 
Aubtbla : K, Ka ^tutlsllschc T^ntral-KomndsEiloii, ViGiiiiR, 


rDnwfiitory of tiie Gmnil Dtichj 


Baues: FfoJhurjf. 

of BadQEL) 

Bav^a^: mt- nail StdAts BJbUoLhfilE, JtaDich 

Beloiith : Eoynlp, 

Bowiiat: Secretnij ty the Bombay. 

Bkaeijl: EEbtlotlieca KudoiuiU Rio ik Janelm 
BiToros Aiwea : Blbnoteen de la UalrraBWad Nudonal de La PJota 
lory of the ProvlDce of Buenoa Aires.) 


(Deposl- 
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: LRirmy of PurlJaMirQl; Ottawn. 

Cliio:: BibllotDcm if{?l Coli^n!5o Naclonfilp Enntliiec!^ 

CiliTiiJ.: An>^lcati-GtilDeB0 Pnbllcattou ^ebDn^ Dopartmoiitt SlifEiiglinl BiiT^nu 
of Fon^lgn AJInlr^ EhnnghnL 
OouoMniA,: Blbliotom Xaclonfilp 

Costa TUci: Oflclnn ile I>i?pdslto y Canje lut^^rascloanl do rtabllcttcloaiis, 

Jo«d. 

CiTiu: ffocri?tJirta do (A:siitito3 6i;iiera1^ y Canje IiiU^iTiuoLofml}i 

Hitbanit, 

Konfi^^n^ Blbllothokct Capcahageii. 

E:^(]ljv]vp : BrltEsli AliL^um^ liOadacL 

BlbRDtli<H]no XatluaBlE<p ParU^ 

GEEalA3^Y: Dosiiolio EoiQliHtnga^BIbUoGtek, EetliiL 
Gj-asoqu-: City Lfclimrliin, fitltdicM Llbmrj^ CbisgowK 
CitTKcc: Xattotuilo; Atlkens. 

HAtti: Socn^tflimle des Kolatlons Port nu Prince. 

Ui^TcoASYi llyc^iailaR Honi$e of Dclegntca, BndnxiHzst 

Imiia: DcpELitmeoc of BdinmUon (Books CovcmiiiLrQt of liidla, Cnlcuttiu 
: Xatlonnl Library of Irclitad^ DnblJiL 
Italy: BLblioteefi XaEKooalo YJttorio EnmniiolOp Home 
Jatar I lizix>erLal libntry of Japaxbp Tokyo. 

Lojcdopt : London &!l4CNol of EconomicB and FuILtlcal Sdcnoo. (DexKKiltoTy of tbe 
I^ondon County CounclL) 

SlAMTOBA: ProvIncLiil Library, Winnipog; 

Mexico: InfltLtuto B3blLogr|Lflco> Btblluteta Nadonnlp AEdxJodh 
NET^EfiLA^^DB : Ubnuy of tbo €cben].l, Tba HaguOn 

New SobTti Waijis : Public Llbriiry of Now Sontli Sydn^,. 

New ZEALAT^ni Ccncnil Assembly Library, lYolllcijStOll* 

NnswAx: StortblngetH BIblloEIickp ClLrbtfdRia, 

OsTAno: Lc^lotlTo Ubrar^j'i Torodticii. 
pAitisj ppilfecture fie la Seine 

pEiiU! Bfblloteca Kaclonnb Umu. 

PoRTt-flAL: Blbllothem Nnclotmt, Lisbon. 
pRCnatA: KGntRiEelie Blbllotliek, Berlin. 

Qf'rmjc: Idbraiy' of tbo IrfsiBluturo of the Pravlooe of Qncboc, Quebec. 
Q^EE»&LA^'D: ParllrttpebtniT I4braiy^ Ert^one 
Bcrfisn: Imperial FiibLIc Llhrwry. Petrogmd. 

Raxo:«t: KbtileUthe CN^lfeatlkbe Bibllotbok, l>reBiJen. 

SE&PtA: SecLlon Admtnktr&tlvc Oti ^llnlstene das Affairs Bdgnifle. 

South Aubtraija : ParHatnent tpibraryp Adolaldo. 

Bvmn; SoTTicIo Ocl Gninblo lotoroitcloiuil de PubllcaciDu^ Cueriw FocuttutiTo 
do Arcblipergiis BibllotccfiTtoi^ y Artine^iogoap Madrid. 

: KnnRlian BfblEotCkeL SlockbolnL 

SwrrEEnuLXD: BlbilolhNiu& Ftd^mle^ Berne. 

Ta3Ma:<[ 4! Parliamentary Library^ Hobart 

Timitrr: Departmen t of Pnbllc Instructicin, Cnnstantinopk. 

ti!TTo:c or Botmi Africa: State Library, Pretoria, Trnnsraal 

Uitrot?AY: ORclaa de Conje Intemnclonal dc PubllcncloaeSp MoDterldcou 

TE?sE 5 imA : BiblJoteca Naclooal. Caracas 

YlctotiA; Public libraryp Melbonmc. 

Westebn Aushoua; Pnbllc Library of Weetem AnstiaEap Pertlx 
WbarrrMWtto; K^Jalglicbe lAftd^blblEotlM^ Stntt^rt 
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ANTTUAL nE.POBT RMITITSONTAS: INSTITUTION?, IPlS. 


DEl'O^flTOHIEd OF FAHTlAL eJETS, 

AIiFebta; PitrrtuHal Llbrar>% EdmontaiL 

AuLicsrliOtiiEAtssE: K. Sllnljstcrlum fGr EIsaE^LothHtusen* StraflsSuTS. 
iKiLiTiA ; Alluletcf lo de ColcmlnaciAp y AgrirallTirn, Iji t'rtSL 
Hpeatex; S^nntstoiniiilBsion fftf TUMis- wnd Aisswtlrtl^ Apj^dosc-nlielteiL 
Harmin CaLUJitaA: Loidfllntlve LlbfiWT, Tlrtorla, 

Earrisu OtrtANAS GovirnniiMit Office, Gi?orsttorWiw DCJsiWini. 

l^uuoA&LM MSnlistor of ForelgD AffAlrv, 

Cetlox: C^oniid aMreturj-'M Office (Recoril DtTJartiiHint of Uie UbmiT>i Co¬ 
lo inbo. 

Eouadok: Blbllotecrt Nadonnl, Quito. 

Kgtpt: BlbUoth&^iuo KhMlvLile, Ciklro. 

Ftfttako: Chancery of Governorp HelalDj^ors. 

OuATE 3 £ALA t tiiiry of tlio Gov^TiiincTit, GuntemAfa. 

IlAuauizn: BvnutekommlBglon. fUrdEc Ilelchs- uml AU-wSUrOipen Aneelep^ibcttOL 
XD^sf: Gros^iorzogllcliD Hof BlhUotbch;, Puriii-stniJt 
Horn^i^RAs : Sccrotary of Uie OovertimeaC Ti^enelsulpft. 

Jamaica: Colonial Si’^TCtnry, Klna^Iotu 
r- Tw-FUTA 7 Bfiportmoiit of State, SlonroTla. 

IbfAtijQUiaei CovtorimiDiit t.lbrar>% IdnJTlO*i'», 

LI^iceck: ITeErltlent of the Semitt!:, 

Madiujs, FsovtSfCis or: dilof Socn^iUty lo the CuviTiuiui-nt of MiidroA, I^hUc 
DcparlmeDt, 5tadma. 

Maxta; lileiitefiaot CJovcmoTH 

Mo^mcTii^Ro: Wlnl4?tDrc lies AJCidrca Cetloju- 

New BDUT^ewTCK: fA'^lHlntlve Library^ FrederlctoiL 
KEWFOinrDuirin: Colonial S^eoretaTT^ St 
Kicamoca: Sunerloti-mtoote <fc Arcbiiros Natiottnles, 

KoaiTfwisof TEurroDJ^: OovcmifKiit tlbroiy, 

Nova SemA 1 Pfovluclal SecimiHT of NoVfi ScoUn^ Hall fax. 

Pahaua. t Socfotsrla de Rdnciotirs PstiTlotw^, Pannma. 

Pasaoitay : ODcioa Oeijewil do Inmli^clon, ANttaclon. 

Fai7?CE nowAHD lA^slatlvc Llbriiry^ Cbnjlottetowo. 

Hm^AxiA: Academia Romnim, BncliiircsL 

SAXTAJKmr Hlolsterlci de Relnclotioa HxtorlDrca, Ban Salvador. 

Slam: Dopaitment of Forelim Affidi:^ Enugkole. 

SnuvlTu SxTTiJaiEicrrt: Colonial Sccrotan"i Slui^apore, 

U^^tTEO IhasrmeiM or Aoiu Ann Oudh : Under Secretary to GoT4!mmoat Allu- 

liahEid. 

\ £EK^^v; Bllrcormabti>r iTer Unnpt- unci IteyiiktdS.-SttuIL 


INTEBPAHLlAilCNTAHY EXCHANOK OP OFFICUt JOtJltNAI.S. 


There nns now 3^ countries with whicli the imniGdiaCo i 3 ^chang^ of 

ofScial journals with tho United States is lianied on, the OovertimeDt 
of Costa Rica h&Ting Iwen added during the year. A coai[>]eie luft 
of the Gorei-Dmcnts to which the Congressional IlcN^ord is now sent is 
given below: 


ArRimtlrK' IkftubllG. 
Aaflitralln. 

Aiuitrlu. 

Bmlcn. 


IklElujn. 

lirnxll. 

EuonuH AJresi, Proving ol 
CacindcL 
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Costa nrco. 
Cuba. 
Denmark* 
Prnaoe. 

Great Erltalix 

Grwc& 

OnatetDala. 

ItoiKltirna. 

Unttmty. 

Unis* 

Lfbftrla, 

’Sm Sofltli 
Nw Zf^land. 


Partu^aL 

rrassitL 

QucotifilaaiL 

Roumaula. 

Russia. 

Serbia. 

Spola. 

Swltzcrlonit 

Tran.R;i^al+ 

Ufll^iu i>f SotHli Africa* 

Uruguay* 

W^m Aufltralltt. 


U5tT nF BUnEAUS OR AOENCJTES THTlOOCK IITIIC!! riXCHANOES ARE 

TlUNSMrTTl*:i>. 

Tlie fol lowing Is n list of the tmnAaus or ngondos through which oxchniiaca 
am tnuisEalttotl: 

Alueelv. Mn Franco, 
hAnqqla^ a?fa PoriugolH 

AiGir!7TfNA: CanLl.Kl6ii ProtfKrtora ilo Hibllotcoos Pogiulons^ Bcconfialslu EfTtS^ 
Buoiiqh Altt^L 

Auhteia ; K. E. StatbstlFfcho ^entml-EoninilRslotL, Vlcana. 

AsEOftits, rfa Portui^L 

BEtotitK * ger?lcc Bclg? ties fiehaugoii TutonuiilobUQT^ Ruo I^n}pA!!lTartuta 
4(3v 

Bolivia ! DGdnti Knctuiuil de IMndfstlcii, 1 ji Faz. 

BlLmh! Service PennutacCiefl lnternUclioiuicu^ Bibliotheca NaelcKaa], BJo do 
JanejTO- 

Biunsii : Crown Agents for the C3Dloiil^ LomloiL 

Bnmsn Qul^m Ito>^al Agrtcultunil a oil Cnimnerclal Society^ CeareotowD. 

BariTAn HoKomtAJi: Cotoalat Socrutary, Belize. 

Euijclaiiia: lostitiitloiis ScIoutlUqtioa fie S. SI. lo TEol do Bnlp^rlo, Solla* 

Cas^ajiy Tsu^'os^ Sfinlix 

Cttilf: SorvJelo ile Canjrs Interuflcianales^ Dlbllotoca Naclonat^ Sitntlogo. 
Chtrx: Amaricaii-ClilnedCi PuhllcatloD Exeluinge Department, Shanghai Bu- 
reftn of Fomtgo Affairs, Shunglinl. 

COiavnTA: ODclna do Canjo^ IhlemaclonaJea y Rcjiarto^ Bibllotmi XacfoDal^ 

Coot A Rica: Oholua de Depdslto y Canjo IntGrnaeloaa] de PnblloidoiioSk S^d 

l>ENiiA&K i Kougellgo Danske Yldons^bGrDOfl Selslcnh, Copenhagen, 

Dvren GuiA^tA: Suc^imninaehe Eotofilale Blbltothoelc. Paminitrlbo. 

E^TTADoJi; iVflnMerlo da Rulndones Erterleres, QuitOp 

BcYTTi Goveruiaeut Puhlldittons OlCee. Printing Elefimtlrteti^ fMrn. 

FaA?acr: Sen-lee FruncaiA l^^habg^ Intematloiuinz, 110 Rue do Gmiollo, 
Parlit 

Giuatty: AracrikaJnstltnt, Berlin, W, 7. 

CbZAT BarrAm Aids Mt«iara. 'William Wosdey A BoOr 2S Esm-x Stmt, 

Stmiub Inonflon* 

Ch£ecr! Blblloth^kiue Natlooak-, Athooa 
Ida Denmarfe. 

GtTAnzixi'UPc; da Franee. 

Guatuala : Inatltiato Naclouiil de Yarone^p Gnuteinaia. 
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Guinea, Hd Portu^l. 

Haitt t SHj-C-tnIre tV^int I^JBLLltlon3 Port au PrloiSi 

HONT^UKAfl ; Elb1l0t€?vii KaciolUil, Teig^ueSipilpii^ 

Hunoait: Dr. JylLufi PSkJCT, MynlcftmL Office of BtAG^tJeir. Vflcl-otcfi 80, Btwlft- 
p«rt- 

IcKtA.^p ™ D^umrk* 

Inuia : lnJIu Beparment. Imllii Office, Loodart. 

Itai.!*: Ufiklo &ciuiil5t lutcnmElonfllL BibUolectt Nii;Eln(iftle Vittorio Eman- 
n^p, tioiuo: 

Jamaica : lo^tltbte of Jnnuilmi KIh^od- 
Japak : Impc^rJal Llbran' of Japan, TObycK 
Jata, t>iti Nttboflaoda 

Kobea : Hlfl Impcrlul Japanese Majesty's Re5ildoB*:y^oiieriU+ Bmjil* 

LruEUA: Emmu of Exdiiuifes, Depaptiootit of Stato, ironroTlm 
JjouTtE^i'o AIaiouez : Oovommctit Ubrnry^ Boiwoneo fllarqDeE. 

Luxemdubg, via Germany* 

MABAtuHTAJE, Ho Praruco. 

Madeeba, Fia 1*01^11^1. 

^loNTET^EGBO I MlolstOro dftsf AlTatfes txraii^rts^ Cctloje, 

Bfo&A^niouE, i'to PortuEnJ. 

Nirttiati^Tias: Barono SfctanttClqiio Contml X^rTaailnla, Blblloth^ao do ll^iii- 
ventltfN Loydeii. 

Ntiiv Guinea^ via Netliorloods. 

Ntn- BouTH WAtES- Publfc UtimiT of New tValeSn 

Keaia^ - Bumlnloiii Mnsauin, WoLIIaclotL 
Nicaragua : MlaMffrlo clc RclaclofiPs BxterSor^, AtamiEiJiL 
Nomu'AY: KonEebEC Norste FmlOrlks tfaliorsLIct ElbllotTicbat, CLrigtliiiilii. 
Fattaua; Becretorlu do ItetacCikoes BxtorioroSr I'liiuiziia. 

PAMAVUAYt ScrA lclo dc CouJl^ lutcrmtcloiuil do PulillaiciotieSt Socddo Oonsolau 
y de CoiowlOi MintEtorla da ItdacJoDoa Eslcrions^ A-mioclon^ 

Pt^sStA; Bnfkrd of Fordlgn AIlssloos of tlie Presbyterian C^orcb^ Notnr Yor-k C]ty» 
t OficLua do Kopnrto, DepCsIto y Can^e IntoniaoiaaBl do Po.bBcfic!onos> 
Sttoistorlo do FoaioaEa, Unui. 

l^irrunALi de Pennyta^i^ IntcmnoloiiBosT laspuc^a Qoral das Blb1ti>' 

thooAB o xirclilv^oo PubllC0€« IdsbotL 

Qcxen^land: Bnreny of of internaitloDnl FabLlcat!oii:S^ Cblof So<y 

retaty'H Office, Brlsbntie. 

RouMANu: Aendctnla ftoninaa, Buotmnxt 

nuBEiA: Camnil£?loii EyS9o des £obaii^ IntonMtloiiaiii, BlbUcth^ae Iiu^ 
porlnJc Pabllrpio, Petroirra4 

Sai^vaooa: MinLstcrIo de EtcladoEies KxtorloroBi San SaJvaiior, 

ScmiFA; Section Adralntntrutlfe dn MlnlstOm dos AlEaLros f^tranfSois, Belarnde. 
Siam : Dcpnrtaa*ni of Forol^ Affairs, Bangkok. 

SoiTTii AusrtiAUA: l*tibilc Library of South AnMraUn, AdblnliJa. 

SnAis:: SorTlclD del Cambio iDtcrancItma] do PubUcadonos, Onorpo Fucnlta- 
tiro do ArtJdvonis, BlhLiotoearJoa j Arcitie^ldgos. Madrid 
StmATOA, f?/a N^iHJwlarlds. 

Sweden: KobgllEta Swnskn Vetenskupfl Akndojnloa, Stockholm^ 

SwramLANn: SorrJee dcs latmmttonaiiE Blbllnth^qne FM^To 

COntraiCp Bcme. 

Stoia : Boara of Foreign MD^ana of the Pteabylorian Charch^ New York. 
Tasmania: Becrotnry to tile Premier, Hobart, 

TaifrraAD: Boyal Victoria Instltuto of Trinidad and Tobogo, Port^f-SpalcL 
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TuNt*, vkt France. 

Tuekxt: A^KtrlcuA f^ikrcl af OonliDl^toiiers ffir Forelgo Mission^ Boston^ 
UsTOis or &CUTH At&tcLl Governroent FrLiitEii^ Works^ FtetQrltt+ Trunsraikl, 
UjETTifijAT; OSclnii Cnnje IntcrimclanKE, Moiitevtde<k 
Yexoi.-eu : BlDllotwi Nado^al, Otu-nctiat 
Vjctojuu: PuIiUe Ubrary of VictoHa, Metbotinie. 

WtsrtAS AvsiUJkUA : Public Litbrui^ of Westsm AmstmUiL, rertk 
Wm>WA&|] Affti l4»^'AXli Impertnl BepartEocnt; o£ A^lnUtiiFG^ Brlilg^ 

to^Tn, Boibailos. 

Bespectfullv submitted. 

C* W* ShQEMA££B^ 

, Chief Clerk IniematUwxl Exphan^a Service, 

Dr* Ciu^LEs D. Wajjoott, 

Secreiarif ef the Smithe&nian. ImtUutian, 

Au^iubt 24,1015* 




Appe^"i>ix 4. 

EEPORT ON Ttm NATIONAL ZOOLOC.ICAL PARK. 

SiBi I hiive tlie honor to submit hBrern'ith a report cotireming Uie 
op^rtttioiiB of t1i<5 National Zoological Park during the fiscal year 
ending June ftO, 1915, 

Till'' Hiindry cifU net approved Aiigii&t 1, l&li^ provided 
for impmvetneiit and maintenance. The cost of food for the anintals 
during the year was alriiiit being slightly less than the 

pievioiLs year, when it nltnined the higiiest figure yet miclicd; esten- 
luve repairs i^]nired on roads nnd u consider able ammint had 
to U* ex|)endeii on s«fme of the biiihUng^fj nil of which rediioKl tbe 
unionnt available for additional improvements 

ACCESSIONS. 

Eighty-eiglit animals wore bom amt haldied Sn the pnrk. Among 
these were a South j^\jneriran tapirj an Ajubian cameh "1 otters, 5 
t>e;irs, a fienver, and various nOier mamMak and birds. 

Tin? nccc^ons luriude<l altogether 25 species not hitlierto repra* 
in the collection, imd although considerably greater in numlier 
than during tlie previous year, included few of imi>ortnnce, as the 
supply of foreign imimals was largely cut off by tlic war* A speci¬ 
men of PrzewalskiV horn was aecurrd ns were various other nnimnls 
of less? note; a considerable iminbei' of w^nterfowl were also added. 

EXCHANCra. 

Eighty'two animals were secured through exchange, including 4 
pumaJi, a jaguar, a palm civet and other mamniak, a considemlde 
numlier of birds, and a feW reptiles, 

GIFTS. 

to, U. EL Baileyp NeftTorl News, Va., n wMi^tllaR swan, 

SCr, H. B, Barlier, WaAhlnjn^aa, Vt. Cl, n Emit hciwd o^^l. 

Hfn D. I*, Eartoa, WELslilaEtDo, D. 4X, an ain^tor. 

SSr^ O* I- WaMilJii^an, !>. C, thm? spcnaojibllea. 

B. O. BHiEiipfiby, Juti^ Va., a iiktmk. 

Miiw xmiaa Blmey, WaslUaEton, D. C?„ na aUfpiloF, 

Mr. r, t\ BmilfdinJ, Waj^aJagtoa. l\ €., foar aniaatoriL 

Mr. M. E. Bmeo, Pbnack'liihjn, Pa.* two ff^llaw-uapecj fkarrotR, 
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Mr Jolm Euckii>5*, Wniihlnjnim. I>. C.. an 
3ilr. Jmfph e. CurtK VVtti4lirnjrtt.ii. D. t?., u HoraJdiiuck 
arrR. J* 1%. ItodBOD^ WoAlilnirton* I>^ d, tin opncsHmnu 
Sfr C?. jV- rnirfpe, WtualiltifrtoSi D, C, n irro^ iKirnilc€?tft, 

Mr C O. VVuxIilturtfm. D. C„ two «jttotitjirr nabbtta 

MfS. Srii^moii Evniu^ WiucLIiifrtdi], D. rmirot, 

Rfr tl T'"iil>rc-. VVjxsftiln(rton. D. C.. n rDc1-Hhrjtikk»rLHl \m\tk. 

Mnt Gfvir^'e FowlfT, Ph|!niU-lptilji. Vjl^ a rapiichln. 

Mr. R A. FfiiKt-r Va^ ^ Owpc^'A Itiiwt;. 

Mr ProKlcr, WimlitoKton, D. C., ii fEIvit jilw^^snnt 

Bro(hi'r a<>mptln. FmiisrlHenii MotniKleiy, Woj^Iilnjsrton, I>, two 
Unis. 

Mr. C- IT. ITofTn^Ji, HtfiiSnirton. Vn., a harii owL 

-Vlr J. M. JuhtLMQii, VVftHhlJiJitOW, D. a„ n Imkl nil'll 

i^rriL !►. ^.■. Pert IjEiiirfirt, Ctwtn Elea, n w]i1tr>«tkriintt‘^14nptieU|]!i. 

nirn, Artluir l.ce, VVfUililinirtort. D- a f£lh<?r4iliiu rntiaKw. 

Sir c^fcj^ir Si* Ualc, Wiir^hliurtoD. D. u tipikrroiv linwk. 

Mr 11 A. SIi'Ilht’Tioj'H A^x^iy Ij^luad. lifi,, n\x tosiU 

Xfr ViiL^on \\\ ^rcLwiQ. WaFhliyrtan, ix 0^ a dlainfinLl mtUi^nttkr 
Sir Lt>KtiT MortEix Wiiisliliiatoft. 1>, e„ n nic^-iKiix 
Sir Pre^l. MiTtons. VVaabEiijrtaii. l>. CL, a bald 
Mr A. M. NlcholKaix Orlniido, Pln^ n dlaiuiimtl mtllHamkCi 
Sir JoliK SL ricrkmlj, \VA?!hlnstoix D. Ch. a illurnena mUlr^iimkctw 
Sir Kifir 8. Sc-liiuril Witold tifrtoa, D. a amvcJi owl, ttra Isom «wb, and a 
rpr^dlnr: oddpr 

Mr PriHL 8i^lmnelMdr WaHhit^nti, tK O., im alll^tor. 

Dr IL W. Bbofoldr SVttsNljiKtbn, D. <1, a bSntlc imnki'^ tmd n kitrol owL 
Slrt C\ B. Stmaj?, Wafihljijrtoix D. C., a nKTRiiiiSi?^. 

Mrs. Swylinrt; WnFldii^u, D. G., a TtoniiJtT IIzttrL 
Mr H TtiLiiiLJiii, Wa^^ilaprtoTi. D, Cm on alli^uar 
Sfr KiitOBeJ G. VVp|kt*rK VV'fhl,, \V» Vn^ n knj Ijtdl. 

Sir iVljllniu Wliytr Wjistilnirton, D* tin aillKutor 
JToil VViMMlrow VVEl^ii, VVnaliInjrtob. D, C, au oiiOssaum. 

Mr I>. H WlcurtCTiilr Wosihlriaton, t>. <1, an alh2^iti?r 
air N* P. Wootl, Nortb Sloantalo, W. Va,+ n gntt'n hmnle^ 

Unknown donor» n nx1 fox^ 

UnktiDwii doDur, n GEln muiinttT. 


L0SSE3. 

The most noteworthy loss during the year wan the deuth liy rnp- 
ttiru of tho aorta of the lurgest of the Akakan hrowij Iwurs. caught 
as a siTuilI cub in Ifay, IML He had attained a weight of 1,1 GO 
pounds. A Coke's hartheest aod several monkejs died fram tuber¬ 
culosis, two pronghorn antelopes from nwrotic stomatitis, a lion 
from pericarditis, ami a targe bison bull (the *4en-dolIar buffalo”) 
from the effects of old age. Quail dieenso was again brought into 
the collection in n sliipmimt of birds received from the southwestern 
I7nik‘d States and enused the death of moie than half of the iptail in 
the collection, A few waterfowl, also, died from aspergillDsis, and 
thero was sotiic loss of birds from attacks by predatory animals 
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roaming iit Inrge in the piirk^ tlioTigh it wiis Tes3 thiin during tliu prt^- 
rioiis year, t'orty-one of tlie nnimnis tliat died were trainaferre<I to 
the National Museiini^ AnCopBic.^ were nuiclo^ os umnih by the Piitho- 
logical Djvkioti of the Biireau of Animal Industry, Departoent of 
Agi'lrulture.^ 


ANIMALS IN THE COLLECTION JUNE 50. lOm 


MAMMALS. 


Gnca iQDi3ki?7 (Crra4'plfh<^« 

chtu) _ ] 

Mmn iC^rra^rifJtcrtj^ -wfMd}— a 

Dfaau St&liKi77 iOrt^pititcent ^(444)- 1 

BfHiset iih>133e# 7 (Jfiiiecnii jrfFi^fniii;}^- 1 

Ma£ll4Die HP-Bkfj ||facd4M|j cjm«al- 

Pij^-EiLUe4d EDoakf-y <Jfaraevi ficm£«- 

I{|]r»tu iQQCikl'r (JTlKDdCfli ai 

Btc^wd iHJLCsqiQfi' (Mdcacwjt 2 

Mwr uuimqiiF fifana^uj mburufi)_ 1 

Ckmcma (P'apIlQ 1 

UailHlirrtaai l^bNi-gn (Piipto } . 3 

MbtiilliLI (Pspfb frtoffliofl)___ 1 

WliJiF-lhniHiEcd uiniflila Airpi^fr- 

——^_ 4 

Brnwi^ falUcnirjrJ^^ S 

KoDfooK Icmtir (L^irr vionjijw^i 2 

ItLo^-tnltDd iH^EUQr ilL^iiT ^ 

l=^Lar tHwr {TAblertHw muHtimun'i -2 
Eahri-f)44]i boar (Firn« unMui)- 2 

KiulEak bctir (L'r«ua nfddpj^dTor^ I_1 

Iftkaut bRftf (t^rjkut d4UO^__ I 

AtnakflU t?rvWtli b4«r irnruji 2 

Eldilrr'a bear fL'mJf kIdV 
njbrld Iwr {tirmut 2 

lilKUilnr-Hia <l7rihHij Ikl^aRH*) 1 

Japiui^^e bnr (£7rjiua , 1 

Orlxxljr txar 3 

Hl-n-ck hmr iUrittw acioriAinwa},^^.. Vi 

ClnciiiHiM bear i»> __ 2 

eiiitb Ivunf ^IfrturwHa ynrfiiwj^^,__ I 

Kinkajotl (Cm^lcpU.t coydJt^ofrvru#) ^ 1 

CaeMnlaUt? ^ Jl04#4Tlinfr Oiffvifa)_1 

Ofitj rMllmiiiiilk (A'oiJia 4 

Jiaccoon |Prfiei;jirAa = ^_ , ll 

AjDffIran (Tafjtfra a 

Knroprab tiadjirr fflWPf).._ 2 

Cftb]iiH?D rkiiDk 4#cpMrfa pwftdal_ a 

Tflym <O0fjirt4# bdr^ffnrl__ 1 

AinerlcBn iaurteii 4 

FlihTr rWvil^la piTHiKonfil)__1 

Mltilt CPifjtfrfHi rlMHi3__ 


fnrrvt ^PiifoTiai pBiorfait^ 1 

Black^foatct] terreE iPmUtrlmt 1 

N»rUi AmETloui Olirr iLKtM‘a rappa- 

Eablmo tCante /bmUiaHa)_, 14 

Dli3j(o t< 7 a|ii| d^4pa>^„_ I 

Gray w&Lf (C^difl^ *cclrfFiifCT^£f_ 4 

To'itHEe CGaala Isfinaju)_._ 2 

W'wjdboow^ff /nuli^r>.i 3 

Bed ^ EFaJjPM pmpiiiilridnfnpjji S 

E'4'ifl foi tFHfpra ryfiBj) __^ 1 

Arrtlc loi jr-pIpM 1 

l03t Et'p^rv^w cJnrririMiri^«i fruj k _ 4 

Spotted fayriui (Jfipinifl ennW^^w,^^ 1 

]p4i4lxi poika dTct (rfrrnm _ 1 

Cdtmn^^D genet (Oiraprtfa pruf^r^)-.__ . 2 

CCjptpf/«rii.i -2 

eu 4 iB uon <™rf i#o>__ . a 

K l] ktnPnJarvrlJim | Pclitt Iro ukatiefljiii k - 1 

Tl-ffer (FeIJa a 

PnmA (FflU Pn^PHtPefa AEppDrPNtrji}.. -t 

JftjffilAr (Fffi# ftHML---.--- - ---_ 1 

Lfwpard f FaFlj panduaj-_ . 3 

Dlaeb leotmAl iP^tlr .. ™ t 

CbtaLda 1711 a (Lprur coRadrailik.,—_. t 

E*y lynx Eir|ma rafuM )^.. 8 

StuiEtPd lyps {LlPvP^ fMfvM i'CirtTnjria]l _ _ 2 

Callfdraia Ijm (Lyiur rv/yt r^Ufium^ 

StrUter'a b«H liDn ffHatrrppIpa atpnnri]i„ l 

CtkJlfDrala Kit iUtn (J^vphua teiift^r- 

Xorthrm f cir >*-p 1 {CriUi^iatia aJojcdoai k _ i 

TfartNat noal (FA.e£n 1 

FdX aqalrrak i 0 

Weetem fnx nqDJrrel tpd^' 

pfaHdaya).- - B 

Oray ■quSfrrl t^’dlurttir 10 

DInek aqulrrel [CFpjuraia <’draliar 44 lt)_ 20 

AfbiDp tquirfr-k CBi!ira.Tiiia nmllnrapfi') _ I 

TLlrlPEEi^Uiied xpermapbUp <JKpemo- 

pftlfpii IrMTpcipiJjiitfafpNt)^^_ 2 

Fraltlp diitf ICTp^jApr fudapfrlitadal-..^- 

WdDdcliiiirk TaPwojk_ 2 

Alplftp nunaibt {Jlorviohi emrmvtia}— 1 


> Hie rfldm Qt deiitk we« r^ppited to be HP foklpwi: EnteHtin;. 20; piPtrEtlv, 2 ; gaatro^ 
^EitcrlUj, f|nall tjliicaae, 3k; pmimpPfiU, 6; tcLbardnionii, lO; i:aEi^c«$tJaa of lUnga, 4: 
plrurEiTi I: ifiwfglllMii. 4; eobitwtlon of 11 w, Cj rtit^torr of Ufer, l: DepttriUv, l: 
ptfllObktla, ] t «plji»mtjip 2 l pycinlii. 1 ; arpUc fibduEQiitrltlji^ I: pttlreraitlm Sj inpiupe 
flf aorlfl. I ■ hamorrhORT? On aplnal cord. I j Tiactfnt] gont, 5; rbronlc utbrltlH. 1; iinpdclioti 
of IntwitliM?. 1; atiwtatitk, 2 f pnemla^ 5; Tonnd lofcctteZ]. 1; aeddeoL 2; un Je' 

termlnro, 7. 
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CC'arfiw D 

Cojpii —_ — ^ 

EaPDj]«u porcnplnp crCilalo) ^ 4 

Ifidlm pOTvOplQC icAtura^^ t 

CauiL Jlfl. pormplii'^{ Ertfhi^vi^ d^nid f tfi >. 1 

O -nhdrt pATCDpluH (£rffA4fflii dorfo- 

IWJll, ^ 1 

VCiwjAclLHi (Iffl^ihifOnuj frirK Qdorl^irlit#}« I 

Mt^irAQ 1 i^flJippFiKTld mesie^M)^ 1 

Axarm'a oi^tlCJ IjDo^wmveid — I 

Cnsted Kfutitl iDat^i^rvcfn cHifafaF)^- 2 

nakf'rmapKK a^utl (Uajpp-nwJa 

f JTPWfltitopjm) - ■ - - ^^ _ _ 2 

Piiira {Ca^OffcaifM pat^) - - -. - . 2 

Ciila^ plfi (fJdtHa iMttcfi)! - , $:& 

Pn eik£daljA.i] cuTjr (H^ricftoMlir palo- 

pwNf-ca Ji _ 2 

CApr^nfm <Jfp4AnfA-mtr fitpw^^ir^} _ 1 

Damc*tJe ra^trEt {Lfpuj IA 

Aiii&n kIpiiIiapi iM-jrflhaj^^ 2 

Tl3illB.t] eli^plmnt pnAFfqiiir)-« 1 

DnixIUdLn tapir snipHeiDiMi >__ 4 

Wl!il biktHA --—— 1 

OrcTjr'a ubm jyjnfi-jrfJ - *2 

SSeLira-liarvs hybrid £ir^'jrl-ca- 

afl Wiif) ___ __ -, - I 

SWkMHilankBjr li^biliJ £mErjF4‘4«4^ 

iiv«)____ _ - - ^ 1 

Orant'a E^bnt tuftAirEfI ^ 

’Ociitdtrd t}4C<iiJr^(.l?i-gglfki dffiTHliitKt). B 

Wild bcmr jcfafaj__ ^ _ X 

>'i)rt})pra irm alri- 

___^ 

lllpp4p4»tluELnj| {ii§ppefpBtifm\Uf amphi- 

GuaPACu I Lama kttanac'h ttji)-^^__ 2 

O&uia if.Sima crkiddl_ _ T 

Alpaca (£r€l>m4 jjdg^oj) -■ ■ -■ . _ ■ ■ ,. ^ 

TlirucPA lliafaff 1 

Bm-.trlfljq tVBul Ncfrfanuj}- 1 

AriiULjui nJPcK Cdn^Jia d^wiicildrfu)^ 4 


Ifodiinf Mrd (JfTmui 2 

Catbird ijj DunirfclJd CArohHcnjb)i^_ 1 

Japenw ypblp liftftu)..,, 2 

LaajsblDjE IJirQiiLli iGamiot fcHE^Id- 

phm*} ™—--_____- 2 

Anitnllaii jsimj JUiapvr (^Irvf^fdCd 

dnma}- __——,- 4 

REnhop dnch (Tpripa'j-nd: CpfacdplK)—.-. 4 

Ciit-tbrwtt Uach ^aMfqJa)__ S 

7r«bra fluch (Anodlaa coi taddf fa 4 
lUAckrhrailcfl rtnch HlUdk rtfrtMptJfm ^ ^ 

^tw^lored flEich (ifuata pialocvoK-^ ^ 

WldEe-hBAdpfl JSpiih ^Itypvto C 

N'litau^S nprb (Ifynta pwRcfufarial_ H 

Jam sparrow cHynta 14 

WMts Ja?d siuiToW (Jrafi£a frrprl- 

fOfdJ— ^ _ IZ 

filuarp-tatiijd ^ruii JOnch IPofpJklla qct^ 
Ikdvdd)^.__ _ - 1 

BilTCT-tkill Aocll I.At<lrmor|mc rHonfafts)‘_ 4 

Cfar^tbPC'Eifrajiicd dsch {P>?rtarotd cuj- 

_ _ _^ ^ 


Rambfij- 4ror CCmttf* wiftcptor^._ a 

I'biiEpplPo dKT iGrtrmw pAllfppiHya)_ 1 

11 ov deer (Ocnriij pcrrlMaAl, ^ 

PATAalpgha df^er (rrrmr duriTHcr7li>__ la 

Axla deep tCrrviri nrtj|__$ 

Jipanrwe detr tCcn-o# 12 

Rod dper (Crcrriie rkpi>ws>^_-_^_^ S 

Atasrlaii elk (Cerruj catiddeiulsllwwnr^ XG 

Fallow drer (^erfdi d'qwrt)r._„ — ^^* J3 

Vli^IpJo dorr iOdCirQlfnts rf^pfotanujl_ 11^ 

Mialc dee^r {OdcwfirlEnri AcMfcMaiJi...... 1 

MnnittEjin bljt4fc-tAlkd deer E Odoc^bl^ni 

CH3ilB»&^an«iJ --— ______ 1 

Caban deer fOdocoll'cya jj *) I 

Dle^lMk {Ddi^lilrcar slbf/Vviw)^_ 1 

Wlinc^Lallpdl 171311 {CToRnoeAfflc# paa]i. 1 
IVfiifisa water blotch (Cobit I 

InjRiLD SAt^ope <Anri|apD cTrrirapro)^ 4 
AtHblaa safolio tO’arrn'o iiirflbfd^]i 2 


Sable aatolope {IfippotroE^Eir 1 

^ElgAi C^OOrldpAas frapocamCfsa)__ B 

CoDffo hameued Ai]ECLt;£]pe | TropeJaphiiA 

{ifrOilfrdffiiP /rjuidlcmvl^^—4 

Cotnmolt MOtl KCapm Aln-a#)_ 2 

AoRikEa ioat (Capra Alnru)_____. I 

Climasiaii gnat l^oprq Afreo:*! _ S 

ItOtParjr atnivp {Cria trapctapbujli—,.^ 13 

Darbadofi Rbeop tOrti drfra^^trqpeJq^ 

pftiir> __ 3 

Auioa M naa drprro*trQniis!l_ . t 

Skbti liidkltal_ _ ___ S 

IPOrpilapn jTraninfrful_._b 

AoiHrijnui bisoii I JliHitt amcrlMTiMj > _ it 

lioitir armadillo tJid«vpva rCIfoiMa}..^ B 

Wallaroo {JfocTopy# robartuol _r-,- 4 

iM kangaroo (JCqi^epav n/ai}__ 1 

ROaartt'i Wollabj (Jfocnipttj raj(»rUa 

benneilll _ I 

V^lr^Qta opoHom (mdeJpbps morsupf- 
dJk) - - - - _ 2 


Nopolwii w»for CiPproficerono d^ro)^- 4 

Ma d i iija Mifi r wrarer iFdudim madapajt- 

>Cdii^il44l___ 4 

Rcd-bllJod WBiTEf ((^rlrd ^farliMy _ S 

Pjtradiiw weaii‘4M‘ (rbtno iHnnadiatra) __ 7 

Rfd^rrestEHl cardliml (Porewrid tanl- 

_ _ _2 

Comman enidilaal tCor^'Ertait# -Cdnlf^ 

Mlity _ _ ...._ - 3 

Blakin (lipintii ■ptjiMj|__ _ C 

|5l!frtja flEiCb (^Pfdflt /fdrcalo)-_ 13 

Yellow tuminor IfTsAbcrtsd flliiadld 1 

Conmop oimrr (Pifrfaat mnariHA}_ B 

Linnet f/Tlnnlq ranifaE)Hfn4^„...^.„. 4 

Cowhird atm __ 1 

(llooT etarJliLg t ^stproiarttfe edited- 

UalabiLr lojnab Ipaflopiqr ouilikAqrt- 

Fnropcdin raven (Corraa oorox)_,,_1 

Ameiican tawn {CorTH oorddr olaiid- 
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B^xikr Mi^untalia jk; (JT'fnlf^reiii •nifto- 

4wMi* a 

Wlif£i'^tbETmt«lJ»7iOim-ijlufl fnuNilljr)^ 1 

Elu[« }aj {Cifrr^t ffrmiafap._. „ A 

AJiit-riilHi fnaftlJlc [ PiM |HlW h Uit*vnU^ p _ ^ 

(VrocUm orcipi ^ 1 

Yellow Pyrant CP/Paat^un iiilpSb«raltu 

1 

GIb.bL kLujcautic^r (jDi^ta __ 

RiiLlilLiili matmaE CJ^aauluf 

---- 1 

^lUtitkOTH^rntcd L'fidtq.tcKi {Cap9^na i;a- 
IfHia} _ 

WbItO fCrtrarua nlEibfi 

tjcndEtnttrr’ft cuckntuu (CToralua ^^44- 

frctaJcrip^.___ __ S 

D>arr-t^nl ewlcatua iCavaiua {^nno- 

?!#)___.. 3 

UiHK'Atfr (Ce»N]jud rowiMl- 

pJir«tp- U 

^4llaw hli|£ $mmw i Am ^rnruMmuy _ B 
]t44| tihi] luid Ifluit miuMW (Ara 

namo)___ . t 

and Pflur Iftacaw (Am cAfeiri^p- 
trml _ _ ^ 

Grrai ETK^n Ajaeav 1 

CTibiin. ^^JLTPut (AtadJ'g/iq ^ofsncjiAafaJ _ 1 

CXfiLaEiB-irlacci]. aiu44X4?ii (Aflia^aiia ana- 

__ j 

f-'imtJve liiliiJ[H>a KliDiafaiad ^e«||i-qp___ 1 

r^rto Ulcan amuJHfcn $4MAfoNd Ht- 

fola) _ _.. _ _ , 1 

irollctvHdirDiildercd niifiLaxon lAiPWfHiia 

acrftrq|iJai'Di]i _ _ . ___^ ^ 

Yl-Unff'fj'^Icd aiDuoa dCli' 

tVOrpliiaEa) _ 2 

Yallqw^tmibed araiiKiD (Aiiuif$ii4f darf- 

paJJ'jfala)_ _ - 2 

YcU^iiw 114*131^*11 mimioa ^Anumiki ie- 

rdllftfafO - - 2 

L«1 Bmuan 2 

l^vwr mm. pofifut (CtPraeop*!# 1 

BaadiHl fifirtilEwt {Pdra-ai^M iTftiri- 

bIjbP __,_ _ _^ 

Love blnl E jti7U|j«nilir paildtn'q]! ___ __ 1 

Bhi-JP linrtikkwt (l^[^fupri4'lacli4 indaln- 

ivM} _ 4 

Gmt Pioftii^ ow! piribp rtfi4iii(uiuj)_ lU 

Arrtte hqmHl uwl pj?HbP THrpiiiteHid 

JubqrrjbnM) . . ____ 1 

Ualtvd ixwl iitirir rariap_^,_____.^ 4 

flparrow bawli (FfffM fjidrr^nlmr}_ 3 

llftJd 1 ifaJfcrfn-t IrHcaafphdlBj^^ 13 

AlaFvkaa lm}d ejifla plJaEi«mfr icnca- 
tcphatUi 1 

iHigPv ( AfTHfla ^Fv^^foi)_a 

IlarpF CB.0O (rarswrlij fcfl/pptd>_1 

CriLivn^nl Puvh ranaa cm- 

_ I 

Puvrlc (ArrPi^frHrrp 

piu ddj|i!||-|qAQNn|jJ__. 1 

CwpM-r'u tiwk iAt:>cipi$^ Cwp€rl^_„ ] 

YcdmlrlaD ] 

CiraHTA (PBii^banii 3 


Lunnier^jrcf «ri/pif«'jwr 1 

ftnitPll AtBCrlntt miadOF < ^aiwrliaH- 

pAikt £ 7 rj^pAud]___ t 

CattCorola oKiJi^r 

ti^dnudl __a 

arifTon vuPtire /MlrM^P-3 

Cliii^jvQui vmtura irirllar mBniUiliHij_ 2 

KgftitJjUi TiiUnre i,Xraphmn jKmap^ 

itruMy --—__ 1 

Tiirktjr TUltltPe (TaPAurl^j aunl}____ 4 

vUltiin.^ (CalAqrijifa Mncbl^_ 2 

KPna Tultnn* ICppdETIU utflnii_ 3 

Untiw tiJeaWI (CoFumba IrGHTonalDF-_- 2 

lina iiPHnl plj^eoa (CAlaMbii |fdrifiQ*' 

WPiPt^'Ct^wB^ (Culunlia Ifii'o- 

rrjyl»*(o)_____ —^-,- 

Flojid-EalPaJ pP^e^jq (Coiuwbd ^ajKiiqid) _ 4 

M&lirqlll^ iliWi? (iinrtair/lird IWlH'rgHnil, T 

IVaivfti^ doVi- Fninfit jFla>__ 2 

djuva (Cca|irlia ^tHuraJ__ 12 

ColldTX'd toTEPe ituvo iT 

t'fliMh nuudteil di»vt iQ'na 4 

AtlttPniPLaii craittHl plpl^oa {OappAdpjr 

fiQip&arinr) _ Q 

WLhtij£n>tir0la|3L pPa^nd i (kiurajfKirLda 

^£leotlAr pt^vKln fCuF^mot nPriidlWirl^ap- 2 

nml^lilllGil mraasow p Cr^u* aarum Jala ] _ t 

VVI14 lqr|i[i 7 pallv;pa» Fi(- 

rcFFrttfj__ r* 

t'rafywl (PaF 0 fpO 

Peairodk pbeaiqifiE p f.'FiIfl- 

4a£ip--- t 

BPlrer plM!njia.£»t (f/ajPlqrJIMiJr Iftriii'- 

__ I 

}-i!liro|icaD qaaPl pCafuani^ E^riin nuntil >. 1 

Bobvliita (CuPPipBiii a 

crctliNl qOnll (Jfifpr^c^Jk nrEjjrr 

rWjfnJuj) , _ _ 4 

Sealed qiiaPI <CaJJPpr|ila. ntfuaMalql-^^ I 

TalPry i|iuLd iLapitortpi^ rdPf^Pmind 

raJlircjJal___ 3 

fill441 tui'] k qiaaPt 1 

Marai'iui qiiall ^ C'mN'enjii.r maa_ 1 

Axut:rteq44 tnjKJt | Fwflni riHArHMJCQj^.._ G 

Qrtat liDBlafip plifla |qrda>__._ 1 

ConuMuft i,^4rlnlnA (CirriB ma criirfala) - _ I 

IH'idOPim^IPd ertLa^^ (Arir^rrjpp^ldef i'{i'paj . 7 

CrovDcd rrant- (IJaJirBF^ca pacvNladp- 3 

Wbwdplii^ rniiac (Crui ajarrOartaJ™- I 

Kahi^blPk cnma (Crun IP 

AdiftnlLiia CRLiq^ (CfqjiiiijrralejjoHiik. | 

Euraiwaa <’ima« iCniJ riiir™)__ 1 

ladPaa "Wtiltc clnDa (Cni* Jcutzpyrrs- 

Raff (4/ai'litl^« 1 

njpfJfeonaj^ inrrFq#)__.___ ly 

Snowj CKrrt (f^grttlA mwtdidUtima}^^ a 

Gn^at nfhlCF lien>a (liri?iMfi 0 tf eirrTlIa] . I 

Oftat tiling Vrati lArif^a 3 

Gnfal bPacb-crciwqMj tn^Kiq pAnJra Cd- 

efrlj-___ 1 

BiuittiBI (CtfJifniMa raehrnijfa)__ 3 

UIttrIt itark iCii^Hia l 
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Marnbad irtorl fIjicpfo|]i4ljij 3 

Wmm] (fiM^i;^n4>__ 2 

Hurml JLitf trihiQpit^} - _ ^ 

WMl& iblH aJIhs > 13 

e[>o«’Otini MJa|a ^ 2 

EaropriiiL flninliaica [ PAraHicof rfr* 

9cmM\ - 2 

Awan <Olar rafiiflibfanuj)_ (t 

ainte Pnran « 

iWftn tnrfAn^ry- 

flpwj — 2 

BtAck wan iChoiopU afrafa^^..3 
I^DUr-irtdS^ iOOIa (Flti:rp^|:irrnii 

bmi-{#>____p—,w^-- 1 

aJu[^Qrjr ^imrk 2 

WhktE iDHauoTj dads (^irlria mti^ 

\YrwJ dtfrk 1^1# tpmjo)___^ ia 

IdiuidkriEL duck (fJfluIrfliti'iiFfl finjlfirtrir- 

___ Id 

CMS?a BnrTED pmeH! fi^riF^|iD{- 

iBPTiifJn'i,__ 2 

IfAjRtrJT RtLo^w phUm' Ef7ArB h|U'|!n'banf4Hjk. 3 

CircntET U113W £po*a ^jpiybdP¥iM 

itlefliijj 1 

ftiMip'a C«cwQ iCkat n»«fr|_ 2 

Amrrlicaii vhltii-fmati^ ffOaR' I4a*i4^ 

olhifr^H^ fHaaMO __ Eh 

t^rrr^-hrail 2i»>ea iln^fkvt)_ _ 3 

ChldCHi f^aotfa |jii»d<r a|/rjhttbL{l^ji> 2 

C^nadA &>0^ l/rrOdM ttinu4fnuil^>_ V2 

tlUlcMEu4 (£fraiil 0 taaadi^ajij 

h u ttb iamit) _ .. & 

C^rkllag EODM <0raifa caiiadrfi.tft 

iilmar-_ - - :- . ___ 2 

Upland {CJfiiarpbapa ndgiriio- 

WlilU Cai:r»a tr« duck < 

__^ 2 


PulTnnji trc^ iIue^Ic. lUmiyr'arViFf^ 

aalar) ________ 

Wauilnisjs tnv ii’amk ar- 

ruata} ____ _ 

lludikjr Hhc^ldrAlid (Ca^MifEv /rmr^aoil - 
Mallard IAhu 

Eut !Dij4an biddl dock (Jlnu 

Eldck rldris {Anott ruGHpr*).____ 

Earopc-aa wldp^fl (A^'ama prnrl^vcl- 
Wldennti {JfarV^a afblfarrirk^^ 

riaiftll '(iXa/lEa onra)_ 

aiua-wlDEftl tci.1 diiBBM}_ 

p{K!tuud ptfjjfl. 

#aca>^_____ 

acd-bff>ail^ du^’k dAi^K^iEa)— 

AinrirfcUn ivlilto pcllcu (l■fl^l^an«■ 
fi^thrarhpnitkw'^ 

E2irafH!ad wlini> pcileau IPrlKanaiF 

an 9mtrtfu#} _. _ , _ _ 

RotHenfe palle^B rrSacir)_ 

ttroim pfliiTaii rFirfrcaaNi crrldiwfall^ I - 
AuvtralJaa pcllmn tF<l«cafiP4 

Pligrldtl ^inaaiiikit < Pfialacracajmur oii- 

rf(m) ^^FanidaaiuI__,_ 

lVflt€T hirkaj diakJnf^} 

Qrvat 1?lnclr-4^ckid EHill (Lana Marli- 

fllBP) — _..^___ __ 

Anapriraa hrrrlaff pull (Lama arLKHla- 

fBJi _ _ ,. 

Lauabina mil (Uarui 
£k)a||| Africa Htlirb 

lu}^ _ __ _ _ _ 

iionuill actricb naEvbda- 

p4aari| __ 

CBtDtadb niBfowaiT {UaJiwnCiia Pd4td- 

I Ml_ __ 

C-omRifPD rbca {i^A m aJacHmiia) 

Emil i Pfpniaiifi ncrtp AolljiidfJl _ 


REITIIJvH* 


AII:lBati>F (4Bf0aiE0f nf4r^afpplrnirf#) ^ 
Fainted box to^l[<]t» lOlafkiido pannqfal^ 
JHunran tdani] tiiFtdljtb fTa^lHoTo rpAlp- 

plHA)-»._^___ 

AltHumrlp Ifciland ITcafuda rf- 

fHno)_^___ 

llinrd (PArvB^Jtinia mraafHiitl _ 
UUa monftl^r *Rjipf4>rii(*ij_ 

firgaJ pjtbaa iPpthon TcUcMlaiuM'k 
Ci-<tal3ine], Mjfl CBaa aap^ifH^lar)___ 

tirea Ikm (cromllM en^km^— 
Auacanitn (^TaRtfr^x maria rj 
V rJTct Hnale (f^pieroirM «wfAr4al„_^^ 
I^pin-AdEniif addi^r ( rrvddPi platpehi- 


22 , tlliiTk uxki^ l^dPiriil# roHalric:rE!r> 

2 Caaria-whLp paate (^ai< 7 tf.i |- 

Wainf iraakc IjValrla rip^^Aa J ^ _ 

2 C^DjaiLF^ t»rlrr mnmktt (Famla Mir;^ 

I Tcraj: water mtkd {li'alifiila projimal- 

1 Fidv Pdakt iFiitutphi* rnete^aleutimifi^ 

2 King maka |ri'liliMi>_ 

3 WatiT taocajula iAnrUtr^An Ji^m- 

1 CopptrbraJ {Am^ptraii^n eUiirflr(rir|_ 
1 Dlaaiohd ratticflimke ECralalM 4dd- 
a mahteiuy - _ __ 

1 


STATOMEXT OP THE COLLECTION. 

AccEHaipK^ uunTNa Tinv rriAit. 

Fresi'iiti'il _ _ . ■__ _ _ 

furdmiwiU-^ _ __ _ _______ 

Jkftn fitiit hnbzZLt^l Iti tlio Ndtlpmil 74mSi>£ii.-*l __ 

Ikwlvcii In ___ ^_ 

Dfpru^lti^d In Natloiiul ^toltv^lcal Park_ _„ _ 
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visrroH^. 


The ntimljcr of visitors £o the park during: the your^ as deterra med 
by count and eistiniate, wae T1H,53Q, a daily nvenige of 9,1"®- This 
irns the Jnrgest year's attendance in the history of the park. The 
greatest number in any one month was IfiSyiSS in Aprils 1915^ an 
avemge per day of 

Sixty-tTTO schoobr claves, etc,, ™ited the park, with a total of 
3,48r» individuale. 

HIP RO\Tai ENTS. 

A cage for pumaa was bui[fc near the lion house. The cage is 
£2 by 93 feet^ 10 feet high, snd attached to it is n well-binlt shelter 
faouse^ which provides four compnilmontR for the nnimalB and ample 
space for the keeper in caring for them. 

In order to provide for keeping a band of rheinis monkeys out of 
doors thronghent the ycun a small shelter house with thick wooden 
woILh washniit wnd coimectecl with it a yard 95 feet square- Twenty- 
fire monkeys were placed there in Octolxjr: all carae Ihrongh the 
winter in good shape except cue, which was taken out as it appeared 
to suffer from the cold- 

A new machine luthe was added to the sliop equipment, replacing 
one of inferior t)q>e which had been in use since the early years of 
the park, A tool grinder and power hack saw were also installed and 
overhead equipment of shafting ond pnllcys arranged for the several 
machines- A food chopper and bone grinder, with motor for driving 
them, were put in at the food house. 

For the convenience of the increasing number of people who enter 
at the smith end of the park* a foot bridge was constructed tlsere 
across the creek, A smaU rustic shelter was also built near the new 
stone bridge; 
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The most important improvement ujidt-rtaken whs n building for 
hospital and Inlwratory. Tlic constnictiOQ of tliis was Iwgun near 
the end of the year, part of the cost being met from this year’s ap¬ 
propriation and the balance to come from the appropriation for 
the following year. The total cost is cxpeeted to be about ?5.(XiO. 
The building will be of stone, 30 by jjO feet, and one story high. 
Tliere will Iw a room nt each end fitted up for the itccommodatioii 
of animals, and between these a laboratorr room, 1(> by 27 feet. 
Eftcli room will 1» provided with four skylights. The location 
selected for the bnilding is entirely separate from all other nniiaal 
noartoi-s, but yet easy of access for those who will have charge of thu 
finitiials that arc kept Lii iL 
Tlic cO‘?t of these improvements was ns follows: 


anJ InbDrQtiiitT (1015 nritifiipTlaMoril __ 

Cugio nnd Zioofic for _ __ 

Outilmir ca[ji? and hoii-w far _ 

AUiKtlnna! milelhtfH>-^rl{>^f^Q^I]]tnrllt _ 

AtIdiUOfuil CQQlpmenE for fooil _ _ _ 

Footbflflgo_ _ __ ____ .. 

Ru^lc filieltrr nt now utoae brld^jr-,. ___ ^ 


. - ^ mj 

liTsO 

TOO 

— 250 

52,1 
210 


StAINTENANCE OF B[TTLDIXCS, IXCI.OSEEEJS. ETC. 

Xbo roads and walks xn the park had received almost no repair 
since in 10, when a Epccial appropriation was made for that purpose. 
Their condition had become so bud that lopalrs hud to be made carlv 
in the year. The roads were extensively patched and given a general 
surfacing tbrougiiout with tor and crushed stone, over 2 miles of 
roadway being thus treated. Portions of tho walks were repaired 
in the same maimer. The total area of roads and walks repaired 
vfBs 8,330 square yards. The ford near Klingle Bond also had to be 
thoroughly repaired, and toward the dose of the year it became nec¬ 
essary to pave with conci^te the ford on the driveway to Cathedral 
A.ieniie, which, from the effects of high water and henr'y ice in tlit 
creei, had become imiiassable. The total cost of this road work was 
$4,075 (upper ford $325, lower ford S615), 

It was alM necessary to clean out and repair die larger pond for 
waterfowl, in which tm extensive bank of sand and mud hud been 
deposited at time of flood by the water supply from the creek; this 
cost $850. 

Progressive deterioration of the temporary bird house again made 
repairs necessary there. The wooden floor, which had already been 
rebuilt twice, was replaced with concrete, as was also a part of the 
wooden foundation. The cost of this work was $700. This building 
is an example of the ultimate costliness of cheap temporary con¬ 
struction. 
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The roof of iho ollicd l>iiiklin^r Imd to be reahingled nod some other 
repairs lotide nt fl cost of $400. 

Tlio sect ion of the heating main between the tcmiMirary bird 
house and the antdope and elephant house® was repaired nod n 
considerable part of the pipe rep!need. A new hot-water boileff for 
auxiliary beating of snake cnees, was also put in at a total cost of 

$o(», 

ALTEttATION OF TTIE WEST BOUXDAltY OK THE PAtlK, 

The acquisition of the land required to extend the park to Con¬ 
necticut Avenne from Cathedral Avenue to Klingle Road, for which 
an appropriation of $107,200 was made in the sundry civil net for 
the fiscal year ending dune 30, 1914, has not yet lieen nceoraplisUed. 

There was great deliiy at several stages in the proceedinga for the 
cotulettination id the bind, A special survey and map of the prop¬ 
erty involved was ref]uiredi the preliminary procoedings were tiien 
postponed from time to time iu order that tire property owners 
intcrebted might stibrnit arguments regarding die instniedons to lie 
given to the Jury of condemnation; the work of the jury in arriving 
at tlie value of the land to lie taken anti the aiuuunt of lienefit® which 
should Ui iissesseti against neighboring property occupied several 
months: the bearing by the court of objections on the part of proji- 
erty owners to tlio verdict further delayed the matter, especially as 
the time of that court from November, 1914, to May, 1915, was al- 
jiKist entirely occupied by the contest in an important will cuse. 
Changes in the personnel of the court and of the frovemment attor¬ 
neys also operated to delay and conipUcate the matter. The court 
iiiially, on June 23, confirmed the verdict of tlie jury as regiirds 
the awards of damage® foi‘ land to be taken and a portion of the 
lienefit assessed against neighboring property, but set aside the ver¬ 
dict as to benefits in all cases where the owners of the property had 
filci] exceptions to tlic vereiict. The amount awarded for the land 
to be taken was $194,438.08, and to this la to be adtlwl the cost of the 
proceetlingB, $9,203JJli, maldng a total of $11X1,(141*43. The lieneflts 
were assessed nt i$fl0,O13,i5tJ. but a tonfnderable part ivas set aside by 
the court. The exact amount that is Involved in ibis decision of the 
court has yet to be determined liy the frovernment atiomeys upon 
examination of the land records^ 

Til® total amount reqiElred to purchase the land and meet the costa 
of condemnation will Lherefore be considerably greater than the sum 
that was appropriated, bo that an additional appropriation will have 
to lie obtained in order to eecure aU of the land for which the act 
provddfK, 
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llfX^K CHEEK IN'rERGISmXO SEWERS. 

Tlio District of Coliimbm completed tlic construction of the cmin 
intercepting sevfcr tlirough the pnrk in October, 10t4, and shortly 
thereafter built a large connecting sewer to thie from the intercept* 
ing sewer that bad been constructed through the park some years 
liefore. In accomplishing this work tbero was necessarily a con* 
sideisble amount of deatrrtction and defncement of naturni features 
along the line of the work. The District authorities and the con¬ 
tractor have removed the escuvatod material and restored the ground 
to its original condition so far as that is practicable, but some c3C- 
penditui'e on the part of tlie park and consider able time will bo re¬ 
quired to bring it again into satisfactory' condition, 

PI.JlT<4ROU>T> PIlIVTLEaE, 

At its request, the playground departnsent of the District of Go- 
lumbia w'as allowed to install scvoral pieces of appamtiis on a meadow 
near which is a favorite resort of pirtiie parties. The appamlus has 
Iwen quite largely used. Objectionable features thus far liavo been 
some temporary disfigurcmctit of an attractive part of the park and 
tiie tendency to cxleutl playground operations beyond the area that 
was Dllotted for that purpose, 

ISTPORTAiVT NEEDS. 

BTiuJlNOa. 

Tile importance of providing certain permanent biiiblings for 
housing the collection and for other purposes has been urged for 
several years past, Imt, with the scanty mentis available, oil that 
could be done was to provide, from two yearly approprintiotis, a snmll 
liiiilding to meet tho bare necessitiM of a hospital and InVwratorv, 
All avhiry budding is still a most urgent need, and repeated efforts 
have been made to secure an appropriation for thiE purpose, A 
building to Hccoiamodatc elephants, hippopotami, and certain otlicr 
animals whose r^iiircmcnls us to housing and cure arc similar wdll 
soon bo a necessity, as the present tcmporaiy quarters are already 
too small and insecure for the young animals, which are rapidly grow¬ 
ing and acquiring formidable strength. 

The need of a public-comfort and restaurant building has liecn 
Etalctl repeatedly and ottention called to the fact that the facilities 
which it has licen possible thus far to provide are altogether inade¬ 
quate and not befitting a public institiTtion of this character. 

Gatehouses should be provided at the principal entrances, all of 
which ore at considernlde distance from the exhibition buildings, and 
1015—e 


82 


AKSTUAL ItEPOaT SMirHSONlAN INSTITUTION, 1915. 


they should mchidc a sniftll room for wstcfimeu mul limited toilet 
facilities^ for visitors. 

fRETAliATION OF SITF^ FOW BUlIJDINOa* 

The park mciludes but lUlte gromid that is even rompurAtiA’ely 
levch anti in order to provide a biiililing site of miy rinisiilcrable 
c-2£teut it is usually tiecessury to gmde off a hill or Fdl up a valley. 
This involves the destnicLion of the trees and shrulis on the area and 
their replacement after the grading is eompietetl hy others reciuireil 
about the buUdiiig for shade and oniajnent. Early preparation of 
such sites is highly desiirablej, in order that tlie planting may lie done 
In sidviince and as much time as ijossihle utilize^l for growth, especially 
of trees for shade. The site that has been selected for the aviary 
will rtff[uire grading over practically the entire area needed for the 
building^ the attached outdoor eagest and the walks about them. 
This would involve the excavation and removal of some I t^WO cubic 
yards of earth. The location is Indicated at A on the iccompanying 
map, which al^o shows where the excavato<l material coidd bo nseiLl to 
nil a deep, narrovr valley adjoining the War yards at /f, Nearly 
70,000 square feet of ground would thus W made available at the 
aviary site and sonic 34^000 square feet would W added to the usable 
urea w here the Jill made. It is estimated that the cost of this work 
would be alout $4,000, mid it is recommended that Congt^^i^j be 
asked to appropriata that sum for the purpose. 

ADomoNs TO tut: coujection* 

Attention is again called to the desirability of adding to the 
exhibit some of the more important animals w'hicli it still beks, such 
as anthropoid apes, rhinoceros, giraffe, African buffolo and ante^ 
lopes, and the mountain sheep and goat of oar own country. 

Hespectfully submitted. 

FmxNNH Baker, 
Superintendeni. 

Dr* Cii.iRLEa D. Wau errr, 

Secretunj of t/w SmUhsonian f mtUuth/i, 
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'Appendix 5. 

KEPORT ON THE ASTEOPHYSICAL OBSERVATORY. 

Sni: I iiavo the honor to prcseat the following report on the 
opemtions of the Snnithsonian Astrophysical Observatory for tho 
year ending June 30,1015: 

EQUIPMENT. 

The eriuipmctit of the ohsen atory is as follows: 

{<() At Washington there is an incloenre of about 1(1,000 square 
feet, containing five small frame buildings used for oliscrving and 
luimputing purposes, three movable frame sheUci-s covering several 
outrof’door pieces of apparatus, and also one small brick building 
containing a storage battery and electrical distribution nppnratus. 

(ft) At Mount Wilson, Cal, upon a leased pint of ground 100 feet 
square, in horizontal projedion, are located a onO'Story cement ob¬ 
serving structure, designed especially for solar-constant measure¬ 
ments, and alH) a little frame cottage, 01 feet by 26 feet, for observer’s 
quarters. 

Upon the observiug shelter at Mount Wileon there is a tower 10 
feet high above the i2-foot piers which hud l)oen prepared in the 
original construction of the building. This tower is being equipped 
witli a tower telescope for nsio when obser^-ing (with the spectro- 
tmlometcr) the distribution of radiation over the sun’s disk. This 
has been made qiossible by an appropriation by Congre^ of $2,000 
for this pui'posc. 

During the year apparatus for research has been purchased or 
constructed at tho nbservatory shop. The value of these additions to 
the mstrumental equipment, not counting the tower equipment above 
mentioned, is estinnitcd at almut $500. 

WOUK OF THE OBSERVATOEY. 

AT WASHtNOTON. 

Observations were made for the testing of pyrholiometers. As in 
fontior ymr^ severftl silver-disk pyrheliomeUsrs were prepared and 
sent flbr^ifld by the Institution after standardization at the Astro- 
ph 3 raical Observatory, 
fl4 
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Sevimil autamutic iwurJin^ pjrbeliometem were raised to great 
hdglit^i in EoimdJng bnlloon experiments at Omaha early in July, 
1014. These in^tniments wore itlj recovered, and the one which mado 
the most successfxd flight was received back entirety uninjured. A 
great many eKperhnents were niacle w ith it at IVashington tn inves¬ 
tigate ceHnin peculiarities of its record, and to more thoroughly 
standardise its pj^bcliometric aiid buiT^tDetric elements. Tliese ex¬ 
periments cnnsumeil much time of the director and Mr. Aldridu 
Tho results reached from these balloon pyrholiometer recorijg will 
bo summarized below^ 

Finther experiments were made with sky-radiation apparntiut 

As in former years tlie major portion of tho time of Mr. Fowle 
and Xlissi Hraves, and a considerablo part of that of ilr* Aldrich 
and Mr. Carrington, has been iisicd in mjcasiiring and reducing the 
Mount Wilson Ijologinphic data* This work ia heavier than for¬ 
merly^ as it now inchulc^ the tower-telasoope obserrations on the dis¬ 
tribution of brightness along the sun^s dbuneter^ TJicse are now 
tnodo at seven different wave Umgtiis of tlie spectrum on each day 
that solar-constunt measurements are secured* Owing to the de- 
iimnds of the Mount Wilson work, Mr. Fowle has devoted but little 
time to his research on tho transmjjassion of long-w'ave rays in air 
containing water vapor^ 

The instrument maker, Mr* Kramer, was occupied mainly on tho 
constrnctinn of sky-i^adiution apparatus, and on many improvements 
for tJie Mount Wilson tower lelescope. 

AT WIl*S05i% 

Observations by Messrs: Abbot and .\ldrich were continued at 
Mount Wilson from July to about November 1,1&14^ and w^ere Ixsgun 
again about Juno L 1915. jVs in former years meosurementa of solar 
radiation were made nn every favorable day, with the purpose of 
following the course of the sokr variation* On each day of observa¬ 
tion the distribution of brightness along the diameter of«the solar 
image of the tower teJcscope was also observed at seven different 
wave lengths. 

AT DMAllA^ 

As stated in last year’it report, ilr. Aldrich* In cooperntion with 
Dr^ Blair and other representatives of die United States Weather 
Bureau, mado saunding-balloon e-xperiments at Omaha early in 
July, 1914. Three flights ivUh automatic reconling pyrheliotnetei^ 
w^ere made on July 1, 9, and 11, respectively. The first was made at 
night, with clcctrie lamps for recording* as a teht of certain antici¬ 
pated sources of error* In the second flight the instrument was 
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much damaged when landing and remtdnwl a great while nmli^ 
coveivd, so that the record was quite iqwikd. Apparenlly, the 
clockwork had stopped before renchitig a very great elevation- 1 ho 
third flight was highly bucce^ful. 

RESUI-TS of BA!-LiOOX pYRUEI-IOMETHy. 

A complete oceount of the hulloou. pyrhelbmeters, the circum- 
gtances of the flights, and the results oblaiti^ has h«n P»hlished in 
a paiwr liv Messrs Abbot, Fowle, and Aldrich, entitled, New 
deuce on tlie Intensity of Solar Ttadiation Outside the Atniospli ere 
{Smithsonian hlisccUaneous Collectioiis, vol. 65, No. 4, 1015). Tlie 
following is a summary' of the principal results: , , . c 

In tlic flight of July U, 191B, the balloons reached an elevation of 
opprosimntely 25,000 meters, or 81,000 feet. The pressure of the air 
remaining nbove the in^rument was approximately 3 centimeters, or 
1-2.5 inches of mercury, about one twenty-fifUi of the baroinetnc 
pressure at sea level. Seven readable measurements of solnr nidm* 
tiou were recorded at various levels, Of these the three near highest 
elevation were the best. Their mean gives a value of 1.84 calories 
per square centimeter per minute, as the intensity of ^lar radiation 
at meau solar distance, at noon on July 11, at the altitude of almiit 
22,000 meters, or 72,000 feet. It appears reasonable to add about 
2 per cetit for the quantity of salur radiation absorbed and scattered 
by the air above the instnmiEint. This gives 1-88 calories as n value 
of the solar radiation outside the atniospberc, on this day, according 
to the balloon pyrheliometry. Unfortunately no solar-radiation 
measurements were secured on Mount Wilson on July 11, but the 
result falls well within the range of values for the solar constant of 
tTwliation which have been obtained by the bolometric metliod at 
various stations, and compares well with the mean of these values, 
1.93 calories. 


rMFORMlTV OF AtMOSPHERlO TRANSMISSION AT MOUNT WlI-SON. 

In Bolar-conBtont measiirementa on Mount iison the atmospheric 
Irnnsmission for vertical rays is dcteniiinerl in the following man¬ 
ner for numerous Fpectrum wave lengths: 

iSpcctrobolograpliii- observations are made at different renith dis- 
taucca of the sun, usually lietwGcn 75® and 30“- Between these 
limits the length of the path of the rays witliin the atmosphere is 
proportional to llie secant of the renith distance. Knowing the 
length of path and tlie intensity of the transmitted rays, tins co- 
cfEcietiL of transmission for any ray is readily computed. In this 
deterniinatiou it is assumed that the atmosphere remains unchanged 
iu transparency during the whole period of observation. Several 
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a*itics hnv€ pbjeote^l n^ainst the Jloimt Wilson meas^irements that 
a progrcissivfi decrease of tronspurency occurB during the morning 
hcitits* and especially during the period ordinfirily used in cnir ob¬ 
servations, so that oiir estimates of atmoapheHc transmission are 
in their riew too high, and onr solor-confitant values too low in con¬ 
sequence. It has been suggested by one critic; that the period during 
which the zenith distance of the sun changes from 85^ to 75* would 
be more suitable for the work. 

To test thh matter, oWrvations were begun at sunriBG on Septem¬ 
ber 20 and 21. 1014, and continued until 10 o’cIocfcT the usual dos¬ 
ing time. Tlii^ days were exceptionally dear and very dry, and 
seemed w^eJl suited to give ejcccllcnt ^lar-constant values- Tlie 
conditions of e.vperiment^ dbeussion of observations, and results are 
giv“en in full in the paper by Abbotp Fowloi and Aldrich above cited* 
The principal results are these: No considerable difference in trans- 
minion cocfEclents appeared whether theso were based on the wfiole 
moming^^ obseiwatioaB^ on the range of air masses usuaDy employed, 
or on the range rccouimended by the critic above mentioned^ Six 
solar-coriidaut values were derived for tlie two days, ba£C<l on tliese 
three different treatments of tlie data- AH six values full between 
1.1K) and 1*05 calorics per square centimeter per minute, in good 
agi'eement with values obtahied as usual ou other days- The ex- 
i>eriments confirm the view that the atmospheric transparency above 
Sloujit Wilson is sufficiently uniform for the purjxises of solar- 
constant investigations. 

IjONG^PKElf ID VAltlATIOX OF THE 

In the year 1013 the soltir activity, as fudged by the prevalence of 
aiiti spots, ivas less than at any time for about a century. The mean 
of all sohir-couistaiit values obt'iincd nt Mount Wilson from July to 
f>clober, 10I3, incliisive* was 1.8B5 calories per si|Uare centimeter per 
minute. This value falls 2.5 per cent below the toeim value for the 
years IM5 to which was cahirieEt 

Beginning September 1913, observations of tlie disitribiitlon of 
radiation along the diameter of tlie solnr di^Jc were secured on ubout 
45 days of SeptemlierH, CJctolicr^ and Novemlter^ Tlie^ oltowotl that 
ttie inureose (or contrast) of brightness of the center of the suns 
disk over that whic;h prevails near the edge was less than that which 
was found from Washington observ'ations of tUo years 1005 to 1907* 

In the year 1914 the solar activity tuscamo dktiiictly greater than 
in 1913. Tlio number of spots, to sure* was not great, but other 
phenomena joined in showing that the period of maximum sun spots 
was about to come. Tlie mean of all solar-coiistafit values obtained 
at Mount Wilson froni June to October, iudiidve, was 1.9OT calories- 
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Thia Yidm is S.^i ijct cent tluit of and I per cent abo^'c 

the metiii for fomiftr ycars» Indications are that the value for 1015 
will fiiiso fall very high. 

The contrast nf brightness l^etween the center and edges of the 
solar diak wtis greater in 1014 than in andy in fael^ almost as 
great as wii^ found from Washington work of ISKJ5 tn 190T. 

llicse facts conBrm the result derived from earlier obserrations, 
namelyj the solar emission of radiation varies along with tlie solar 
activity as revealed by son spots and other phenomena. Higher 
values of solar radiation prevail at times of greater eolar activity^ as 
expressed by sun The connection does however, appear 

to he a strictly numerical one between solar radiation and sun spot 
nmnbet^. In tlie return of snliir activity presaged in 1914 the solar 
radiation rose almost to ita ma-^ituum value before the number of 
sixm spots had greatly jnercased. Associated with these changes^ 
greater contract of lirightnesa between the center and edges of the 
Siilar diids prevails when the solar activity is greater. 

SHORT-PERIOD VARIATION OP THE SDN. 

In the year as in former years, considerable fluctUfltiona of 
the solar-constant values occurred from day to day. The values 
found ranged over nearly 10 per cent lictween the extreme limits 1,91 
and calories, but seldom more than 3 per cent in any l(bdny 
interval The periods of nuctuation were irregular, as heretofore. 
Associated with these fluctuations, though perhaps not strictly con¬ 
nected numerically^ the contrast of brightness between center and 
edges of the sedar dhk also varied- Curiously enough, however, the 
eoxTclation between solar-constant values and contrast viilucs proves 
to be of opposite sign for thc^ abort irregular fluctuations that 
which attends the long-period changes which are associated with the 
general fictivfty* In other words, in tlie progress of the guh 
spot cydo high solar-constant values and inereated contrast between 
center and edges of tlio solar disk are associated together with numer¬ 
ous sun spot^ but for the ^horl irregular period tliictuations of solar 
radiation, solar-constant values are aosociated with dtminuhed 

contrast of brightness along the diameter of the soliir disL The year 
1014 was singularly free from large fluctuations of solar radiation. 
The extreme range of solar-constant values was only 4 per cent be¬ 
tween limits l.Pl and 13d caloriesL Accordingly the year was not 
very favorable for testing the relation just doscriljcd* Nevortheless, 
the results tend to confirm rather than ilisprovo the conclusion 
reached that for short, irregular nuetuutioiis of the solar radiation 
lugh values are associated with less contrast of brightness lietween the 
center and edges of the sun. 


llEPOttr OF THK SKiaETAJJt. 


Th« some\vhat ptLrado^kiil cnncluGions nbore stuied fecm capaJdo 
of explanntion ns follows: Associated with the increase of 

Bolar activity attending the miixltniini of the sun spot cycle, increased 
convection b continually bringing fresh hot material to the sun’s 
surface, so tliat the effective solar tcmperatiue b then higher, and 
greater emission of radintioa T>revails, At such a time the contrast, 
which would bo zero if the solar tempcratiii'e were aero, is naturally 
also increasetl. As for the quick, irregular fluctuations, it must ha 
supposed tliiit the sun’s outer envelope lundcrs somewhat the passage 
of radiation from within outward. This hlnflrance is greater at the 
edges of the sim’s disk, wlicrc the path of the rays in the line of 
sight is oblique, than it is at the center of tho sun’s digit. Supper 
now that the obstructive property of these layers vafica fntm day to 
day. TVlion their transparency is increased the solar mdbtion must 
iatre^Cf but as the effect will bo most conFi^icuous at tbe edge of tho 
solar disk, where the path of the rays is longest, the c&nimst of 
biaghtncss between center and limb must thereby decresge. 

Two kinds of causes may, therefore, contribute hi the sun’s vari¬ 
ability. The one, a change of effective temperature attending the 
general nmrdi «f solar activity, may eouso the variability of long 
period. The other, a change of opacity of the otiter solar layers, 
may cause the variability of short irregular [period- 

syaiMAiiY. 

Sucressfiil rcoorda of tlie intensity of solar radiation up to 25,000 
metera were secured by means of automatic recording pyrhelio- 
meters attached to Sounding balloona. The mean of the three highest 
values reduced to mean solar rtiataneo is 1.84 calories per square 
centimeter jx^r minute. Jfaking 2 per cent allowance for scattering 
and absorption in the air above (which gave a barometric pressure 
only about one twenty-fifth of that at sea level)* the value 1.88 
calories is obtained as the probable intensity of solar radiation out¬ 
side the otmosphoro at mean solar distance on this day. This value 
falls near the mean of numerous values obtained by speetrobolo- 
metrie obfervations on Mount Wilson. 

Experiment 8 begun at sunrise and continued until Ifi o’clock on 
September 20 and 21,1014. indicate great constancy of transparency 
of tho atmosphere above Mount Wilson, and yield solar-constant 
values independent of the altitude of the aim. These results con¬ 
firm the substantial accuracy of the Mount Wilson observations of 
the solar constant of radiation. 

The radiation of the son was 2.5 per cent below the mean, occord- 
ing to the average of observations extending from July to October, 
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J918, inclusive, )ind 1 per cent above the mean from similnr stndica 
extending from Juno to October, 1914, inclusive. A high average 
value lor 1915 is indicated. 

The contrast of brightness between the center and edges of the 
solar disk was less in 1913 than in 1905 to 1907, but was restored to 
the earlier condition in 1914 

Sbort'period fluctuations of solar rad lotion were large in 1913, 
but small in 1914. Associated with these qmck, irregular fluctua¬ 
tions are found variations of contrast of brightness between the 
center and edges of tive solar disk. Curiously enough, while greater 
contrast is associated with greater solar radiation and with numerous 
fmn spots in the general march of the sun’s activity, lesser contrast 
is associated with greater solar radiation in the march of the 
irregular fluctuations of the sun’s emission. 

This paradox points to two causes of solar variation—the long- 
peiiod changes may probably be caused by dianges of the sun’s 
offectivc temperature attending the march of solar aetiiuty; the 
quick fluctuations may be ascribed to changes of the transparency 
of Uie outer solar envelopea. 

Respectfully submitted. 

C. O. Anwrr, 

Director Atirojthytical Ohservator^. 

Dr. C* D. Waucott, 

Secretar*/ of the Smithsonian Intiitvtion, 



Appenpix 6. 

REPORT ON THE LIBRARY. 

Sm: I haTfj thu honor to ^bmit the followitig report upon the 
operations of the library of the Smitbjomrin Institution and its 
branches for the fiscal year ending June M, IftlSr 
In coinnioD with other libraries of the world;, the Snuthsonian 
library has bad to confront a serious situation during the last year. 
Tliis was the difficulty experienced in the securing of current parts 
and tliO completing of sets of the publications of learned mstitutifins 
and scientific societies? that have been received from European sources 
for many years. Soine of these series have cessed publication, others 
hare been published with fewer pages and in snuilkr editions, while 
still others hare been issued but not forwarded^ all due largely to 
the military service retiuircd of the contributors imd publishers at 
thiif lime at the front and the risk involved In transportation. Not¬ 
withstanding tliese conditions, the efTorts to keep tlic library ex¬ 
changes alive have been continued with miu'ked success 

ACCESSIONS. 

During the fiscal year a total of 2€>,fi23 packages of publications 
wrxc received, of which 25,007 came tlu^ough the mails aUil 1,SS1 
through the International Exchange Ser\dce. The correspondence 
necessary in connection with these receipts nuiAljered about 1,400 
letters, requesting publications and acknowledging them, and 5,14S 
ncknowkdgments on the regular form, 

Tlio publications for the Smitlisoniau library were entered;, acces¬ 
sioned* and forwarded to the Smithsonian deposit in the Library fJ 
Congress each day as received, numbering in all 24,713 puhtications, 
as follows: 3^042 rolmncs, 1,179 parts of Toliimes, L7G3 pamphlets, 
17,410 periodicals, 594 dmrts, and 724 paiis of scriak tn complete 
sek. The numWrs in the accession record run from 517,777 tn 521,010. 
There were catalogued during tlio year 3,451 publications, of which 
IfiOO were charts. Four thousand one huntlrcd and twcuty-two 
Tolumes worn reeataiogued from the old records and entered in the 
new catalogue. The cards typewritten and filed in the catalogue 
numbered 4,038. 
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Th<j sending to the Libnu-y of Congress of pubLie docurnente pre¬ 
sented to die Smithsoixian Institution^ without siamping Lind record¬ 
ings has heen contLauetii and 4,G75 forwarded in this way- 

-The accessions for the office library, ivbich includes the :lL£tro- 
pbyaieaJ Observatory and the National Zoological Park- numbered 
561 publicationss distributed os follows: 351 volumes, 35 parts of 
volumeSf and 40 pamphlots- for the office library; 72 volume It 
parts of volntnes and 25 pamphlets for the Astrophraicftl Oi’ffierva^ 
toiy^ and 21 rolumes and 6 pamphlets for tlie National Zoological 
Park- 

Complete sets of inaugural dissertations and teclinological publica¬ 
tions from 12 intivoiraiti^ and technical bigli schools were receirod 
from the following places: BalUniorOi Cop^lmg™! Delft^ 

Itbaeaj Lundi Paris, Philadelphia. Toulouse? and Zurich- 


EXenANGES- 

The sendings from Europe have been [“estrioted compared with 
those of former years, but there has been no ce.^tion in the efforts 
to secure new exchanges and missing parts in the series, and many 
have been received. The new ^ries added to the library numbered 4S, 
tind all of tlie 387 wont cards for the series so arched In the Library of 
Congress were considered and some action taken on each nt the 
Smithsonian Institution, with the result that 82 sets of puhHcations 
of learnetl institutions and sclentide societies in the Smitlisonlan 
division were entirely or partially completed by the supplying of 460 
parts; in the same way 2+^4 parts of 48 sets were supplied to the 
periodical division, and for the part of the deixisit in the general 
ela-ssilkation 10 parts of 4 seta. 

j\jnQi]g the more important of these ^ries secured for the Smith¬ 
sonian library may he cited the following: 

AiMtralla t 

Sidney, New ^atli Wnlca.—Royal! Aat}krof>o1o$«ttal of Amitralnsiii. 

SelGis^ of Mao. 

Bel^Qin: 

Bm-tHeTs.—Acftdftmle Boy ale cle Beljjlqao* BaUetla* Clause dcs lettres, 
As^-MIioa Om LnJu^rleln de Ed^Itrlqae pour TfiaUe et In projingatlon 
clefl ensln^ pt pmpnes a pres^erver Ics ouiTlcra dea aceiileats Uq 

travaU. tlaoP^rL 

Rt. NlebDlnaL—Cerde nncheoloKlaue iltt pays de Waes. Aiuialea^ 

En^nU; 

LoQiloiL—AiLTleuimral EconemlM nail llorilceUanil Rovn-w^ 

(loyal Getn^iphlcnl Society» (leogropljloU Joumnl. 

fiLmli)a1iiLnL--BlriiLLDj;!miti Nnttiml ElEstory^ iind ARcrcscupical StwHety 
Report 
Frnuce: 

N{ce.—Afiooeiattaa PTotlaclals ilos archl^dct^>^^ francals, BolletiiL 

Piiri«.--S«iet^ Prau^alBe tJe Piifulqua Oes coniaiunleatiodR 
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Cerrajiny: 

Berllit-—Berliner 31 BerUoi^r i^sJotus-Berlclita 

Deubielifr FLwJierel^ViroliL Zeiuehrlft fue-r FlgchervL 

r>iirtief!Hclt—IliJtorisJe Vt-rrlii faer Gross^lier&u^tjni HesKciL 

Qnartiilbintten 

Dresden.—K. Oeffeiitllcbo Biltllothek. PftpyniJ^^Fntpiieiit kus iIit Kgl. 
DefT. BEblluilsielc £ii I>m?clcn. 

iltiolsrlL—K, BayerS?u-hi^ Aknilenile di^r \VLR?fl!^^^chn^toIL Abhan-dluti^p 
EHifiksehrlfteii GcIt^hrEi; AnlelRer ELteun^burtcht^, 

Snm: 

Clnkuttn,—Medical nmS rkjiiirtini.-nts af Indln. iikUTitiao 3kmi>lri^ 

by the OlHciem of the ^ledleal and SnniEary Dtiiiirtmetiti^ 

Italy t 

iHiirence.—Soeletn Betauiea Italiaim. Biillettlno. 

^lam: 

Ban^kok^-^ljmi 8<idi!ty* Jourtml. 

Tb<5 exi::hungc of publicAtlon^ with historical societies in ihh etum- 
try and abroad has bwn cemtipuedt resulting in many additions both 
in the form of new exchanges aiul the supplying of missing parts, 

BEADING R003L 

In the reading room the current foreign and domestic scientific 
perlodicaU linve Ijcen ia constant luio liy the staff anti the members 
of the SL'IentiHc hureaus of the g^ovemmenta] estahlishnicntfi in Wasli- 
ington, nml there are now 21M titles on the shelves. Three thnuHind 
five hundred and three publications from the reading and reference 
rooms were circuliited during tlie year. Of these 3,1C1 were single 
numbers of periodicals^ and 342 were bound volumes. 

THE AEKONAITICAL LIBttARV. 

One of the importnnt collections of reference works nt the In¬ 
stitution is that rduting to aeronautics, and is, ill all probibllity, 
the nitffit complete series on this subject in the United States. The 
collection had its origin with Secretary Langley when he was carry¬ 
ing on his aerouantieul cxpermicnts, ot which time he was able to 
secure many early works that can nut now be purchased. 

One of the chief contributors during the year was Dr. Alexander 
Graham Boll, a Begcnt of the Tnstltiition, whore gift consists of his 
working library on the subject, numbering 4ft volmncs, and another 
series of volumes of newspaper clippings relating to the im¬ 
portant period when tlie Wright brothers were makine their inilini 
flights 

The additions to the collection during tiie year, including those 
from Dr. Bell, were 256. 
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Mj-s, Charles D. Walcott has luJiled to the collection of trorks on 
art an exccpLioiialty vnlimble loan, consisting of nine tOiigniRcent 
volumes on Jnpimese art, fully illustrated in colctr. Mrs. IVakott 
has also de]xisitcd the nrcLiteetural pul.>lkutinQ9, muuLici*lng 394 
voUimea, untl parts of serial puhlicatjons which fonned the libniry of 
her brother, George VauK, an arclutect of prommenco in tlie city of 
Philatklphitt. 

KJiU'LOrEBK' I.IBUAItY. 

The cniployecs* library has also reecivetl n cotitributiun from JInt 
Walcott by the deposit of a collection of populiir workE, numbering 
149 volumesL 

NKW NTEKIj stacks. 

The work on the new steel stacUs fejr the Uxjks Ijelon^ng to the 
libraries of the GovcTiinn'nt burcuus under the Sniitii.‘s)tiiiin Institu¬ 
tion has been continued, und iit the tU»sc of tiie year this work is 
nearly completed. With tlie passage of the jippropriation bills in 
August, X014, the additional sum of $10,000 became uvuilubte, and 
Iniinedlately an order was issued for tlie erection of as much of the 
second imif of the stacks in tho west end of the main hall ns the 
money available w'oald pemrit. Those in tho east end were completed 
ill August, and the moving of the libraI'V of the Bureau of American 
Ethnology to its new ipiarterH was accomplished within a verj' short 
time. The old wcffnlen galleries in the west end ivere then removed, 
and tliia part of the hall was turned over to the contractors for tho 
erection of stacks. Congress having appropriated an lulditlonol sum 
of $6,500 during the last session, the steel stacks were practically 
finished at the closa of the year. 

The liluTiriGsof the Government bureaus under the Institution have 
heretofore been cared for in the bureau offices und whei'ever tficre wjis 
space for shelving. Proper classification and arrangomeut w'crc im- 
poeaihle, owing to lark of qrace, and much time was Itst in looking for 
rcfercuEss. The new stacks have a capacity of 100,000 volumes, und 
mal<e it possible for the first time to bring all pnblicatioris relating to 
one subject together, so that each is available for consultation. 

UNITKD STATES NATIONAL MUSELM. 

It scorns desirable, after a period of a third of a century, to brieflT 
revieiiv tlie growth and progress that have been made in the Museum 
Ubmry. The formation of a working library in the National 
Musemn in 1881 was largely due to the increased activity in investi- 


, RZPOrtT OF THE SECIlETAftT. t)5 

giitioiw und the nml of rffetmijo workis for tho curators in their 
Eitiidy of tlic coUcrtions wKlch were moved from (ho Smittiftonian 
Biiihlin;; to tlio sepiirute hiiJltlitig ereeteil fur the ^^usE!'llt^h 

A niideiie wns ij^un in tlie northwest carder of ttie iMtiseum build¬ 
ing with a coilfictiou of pnblicationB for the most purt miuh- up of 
standurd zoological and Industriul w'orks ami bound puiiiplets, cum- 
posing tJie library of Kf«ncer I'uUerfon Baird, isccoiid ilHot'reuii'}' of 
the Smithsonian Itiiititiition, whit-h lio hiid presented to the MuBciim. 
'I'bo Library' has grown steadily nutil it now occupies not only the old 
rooms, but uddilionul larger quarters in the new building m well as 
space for tlie sperisd libraries in the various sections. ll'jtliJri a year 
after the first books Imd hwii brought together ihero w#itj 
volume and 4,750 pamphlets: iu all, lO^god publications. Now, in 
the tlnHy-fifth year of its esistence, there are 45,818 hound volujiies, 
70,290 ptmiphlets, forming a wdlection of 1 *>2,113 tides, from wliich 
the duplicates have been rcinovotl. 

The system of aj'iiingement Las Ijcen modlGetl to sonic extent, but 
the plan upon whidi tiic l^fuseum library was orgimizw] has lajcn 
continued, in that tbe general library lias'retained nil books treating 
of more tfijjri one subject, such ns periodicals, pi’occedings nf socie¬ 
ties, dictionaries, and encyclo^dios, together with suck monograjihs 
as ai'C not ciuistanlly needed in tbc sectional liluiirics; and iho bdo- 
tmnai itlirjiries have hud assignwl to them only tliosa publications 
which relate to tbe work of the department or division. A little more 
than a year ago the general library and works rehiting tu antkro- 
polftgT,'. biology, mid geology were moved to new quarters in tlie 
new building, where up-to-dute facilities for the consultation of 
publications have been provided, 

Tbis left the old rooms where the lilimry had lind its inception 
free, and the space thus made vacant is now Ijeing used for the 
iiccuiiuilation of another collection of works of reference of eijual 
iiiiportance rehiting to bhstoty and the collections of arts and Indus* 
tries of a technical nature, which are bring developed iu the older 
Museum Building. IVliile this libruty has but recently been startetl, 
the indications are that it will have a groivth equal to that of the 
parent libraiy, and it promises to become one of tbo most important 
technical series of publicatioms in the country. 

The cst.iblishnient of Eectinnu! libraries of special reference works 
1 tea ring on the collections has been of importance to the curptore. 
and the number has been increased in proportion to the growth of 
the ilii!*um. Beginning with 8 in 1881, there are now a;j collections 
of publications on special suhjeetB. 

Considerhig the ways and means for adding to the lihraty in the 
early days, its growth has been remark able. The library for the first 
18 years was dependent largely for its increase upon tlie esdiunge 
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of the publktitjous of iht* ifiiseiiin descriptive of its collectioDa in 
the various fields of science* Thl^ pliui for the libi*aiVy was 

verj' successfu!, but it did not provide books of refcrcticc, in part 
published at n loss, wlikh could only be secured by purchase. la 
18118 an appropriation of was made by Congress for the pur¬ 

chase of such books, but this mm was barely adequate Uicn, and 
wbile the appropriation has l>een continued, it has not been in¬ 
creased p Tills lack of sufficient funds tvill be more keenly felt in the 
very Tiear fntiirct owing to the present conditions in Europe and the 
inability of the seicnlihc pieties and jnstitntionB abroad to supply 

even exchange copies, 

m 

The ifiisctim library now contains 45,S18 volumes, pam¬ 

phlets and unlwund pLijicrs^ and V2i numuscrlpts. The accessions 
during tlie year cf^vered by this report number 2,20^ volumes, 2,530 
pamphlets, and 183 parts of volumes, 

CATAlAX3t>i::SO. 

Tlie bookit caltilogned mimber 1,550, pamphlets 2,530, and the 
total number of cards made 4,604; completed volumes of periodicals 
catalogiiedr parts of publications, 183; parts of periodicals, 
9,805; new iwriodical enr<ts made, 389. 

The old catalogue nf the lifuseum library was eutcretl on curds 
of about twice the size of tbe standard card now in use without snffi- 
eSent infonnation for the proper identiBcation of the publication. 
For a numlter of years the reeatalogning of these publications on 
stondartl c&nls has l)Cen carried on as the other work pertuittcfl until 
at the present lime only the publications m tlie sectional libraries 
remain. With the eontiuiied incrense in tlio work it is liLtrdly poa* 
eiblc to do more than recjitalogue 100 Tolumes in u year, but with ad¬ 
ditional help this work could be completed at once* and wnnid be of 
great value to the Museum in connection with reference work* 

EXCllAXOES. 

Tlic existing conditions in Europe have intorferpd to some extent 
with the securing of new exchanges as well as with the receipt of 
publications which brave l>een coming for many years. In llie matter 
of exchanges and ibe securing of publications nmlcd to ecmiplete 
the i^ri^ 2PI tetters were writtenp with the result that many new 
(Itlea of piiblicrations issued in series were added to those already 
coming* Tlie mvipls of publications from abroad have been de- 
layvdf and in many cus^^ the institutions and societi^ are bolding the 
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und series until it will be safe to transmit tliem. Also, for 
emaomic reasons^ only limited editions with fewer pages ate hs&ix^d^ 
which gives q special value to tliose received. 


UDAXB. 

The use of the library has been largely by the scientific staff of 
the Museum, but other deparlmente of the Govemmcnl* particu¬ 
larly the Departmeut of Agriculture, have availed themselves of the 
opportunity of consulting tho publications relating to the various 
branches of £)dcnce. During the year the loans from the gtinerul 
library nuiniKred 12,402 publications, which indude^ 5,279 Ijouka 
assigned to the sectioniil libraries, 3,090 books borrowed from the 
Library of Congress, 111 from the Department of Agriculture 
libraiy, 72 from the United States Oeoiogical Survey, 44 from the 
Army Medical Museum and Library^ ami 13 from other places. From 
the Museum did vos there were borrowed 3,i>60 volumes. 

One of the important matters considered during the latter part 
of tho year was the return of books tliat had been borrowed from 
the Library of Congress on the older rcoords, and while only the 
charges for books coming under the first three letters of the alphabet 
were acted upon, tlie indications are that those nmning back as far 
as ISTfi will be cleared up. During the year 3,437 books were re¬ 
turned to the Library of Coogr^ and 2D1 to other libraries. 

aiXDXXO. 

The binding of volumes received in separate parts is still a serious 
matter, and it is hoped that some provision can Imj made at an early 
date, BO that all of Uiem may Ije boundn To cite an in^ancct there are 
now in the technical series of recently catalogncd works over 100 
volumes that should l>e bound at once, in order that they may be 
preserved intact. 

There wei*® 612 volumes prepared for binding and sent to the Gov¬ 
ernment bindery* 

nirra. 

Gifts of importance have Iwen received from the foUowing per¬ 
sons: Dr* Charles Doolittle Walcott, Mrs, Richard Raihbun, Dr. 
William Healey Dali, Dr, Oliver Terry Hay, Dr* Charles W* Rich¬ 
mond, Mr* George C- Maynard, Dr* Roljcrt W* Shufeldt, Mr. Austin 
Hobart Clark, Mr* Robert Ridgwny, Dr. Joseph Nelson Rose, Dr. 
I. il. CasanowicsE, Mr, William E- Mason, and also tho library of 
the late Dr, Thwdore Xicholas Gill has been presented by Mr. 
Herbert A. Gill. 


1&C18*—sn i&iS - T 
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&ALL COLLECTION* 

Dr, William ITealcy Dull cotitributeci 1^2 titles, nt a cost of about 
$(i0, m lulditiniL^ to the collection of books relating to moll oaks ^ivhich 
h[is l>ecn brouglit together by him as curator of that division^ as a 
reference library* TTieKO and the publications previoiisiy received 
now number upprositnatdy Tj662 titled 

OO^fASlCAL LllliLiRT. 

A large collection of Isotonical books, tiie pro|>erty of Dn Edward 
L. Grt*env. wbioh Intd been on de])o«it in the United Sin tea Nntional 
^iiiBoum sinc« 1004^ was withdrawn during the year a^ it was iiiiprnc- 
ticabla to secure the smu of Sl20j0(Kl retiuircd for their purchase. 

TECJINOLDUICAL SERIES. 

In this bmndi of the libror}% wtiicli has only recently 1>een fortnedj 
and which is cared for in the older Aluseum Building, spociat efforts 
have been made to put the cln.^e5 of publications in more con’^en- 
lent places? and to make them more accessible for consultatiou. Those 
relating to music, ccnimicsj photography, and botany have been 
eriticttlly examineil, rccatidogueih a mi pot in order on the slidvea- 
Those of the following classes have not aa yet been considered: Art 
and architecture, physics, chemistry, history, literature, sociology and 
economy, and political science. 

This bmneh of the library is very deScient in general refercnco 
book^, such as an exhnustive encyclopeclic work, technicai diction¬ 
aries, ond dictionaries of some of the foreign languages, and while 
a few‘ of the??e works can be pnrduised during the present year, there 
will not be money avaikbte to secure them alL 

The additions to this part of the library numbered volnmes, 
3,57^1 parts of volumes, and 2,1531 pamphlets ond 4 maps. 

The cataloguing for the year numbered 660 volumes, 1,131 pam¬ 
phlets, and 4 maps, requiring 1,40C cards* The number of [nsriodicals 
entered on the records were 801 volumes and 6,253 parts of volumes. 
SperiaL efforts have been made to catalogue tbo entire collection in 
tljc librnry\ and until this U completed the recoi'd for cataloguing 
will not cover die receipts, and pampldets loaned during the 

year, in addition to those from the general library, numbered 258 
volumes and 340 pamplilcts, while there were consulted in the read¬ 
ing room about 520 publications- In addition to the work on the 
catiilogiie* about 800 vcihimes and 7,000 pamphlets and parts of 
volmncs were filed on tlie shelves, to l)e added to the records Inter- 

In the Beientific dejpository ^t of printed cards from the Librury 
of Congi*eKS about 80,000 were filed alphabetically by authors* This 
indeiE will be of great value when the subject caWare included, us 
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it wilt tlicD coDtjLin a complete reference lisrt of publicutioDS nvExi[iibt& 
on all EJUbj^H^ts considered in the Mtisenni, 


I^ECTtONAl, LlOrtAREtS. 


WTiile progress bos been made in the rceiEioti of the records for 
reference publications which are permanently deposited in the mo¬ 
tional libraries it has not been possible to carry the systematic chock¬ 
ing ven" far, and my recommendation of last yc^^r that a competent 
cataloguer lx? employed to do this specml work is renewed. While 
tills condition is largely due to the oTercrowdeJ i^nditinn of the 
library for so many ye4jjBj it is essential to the work of Uie lliiseutd 
that the sectional librarieis should be in perfect order ami that die 
riTords in the main library shonlfl bo cowipkCe. 

TIjc following is a complete list of the sectional libraries; 


AilmlnEstnitlon. 

Aiimlafstradve asslsbint'a ofQoei 
Antlin>pi>lo|^« 

BLo 1 o^« 

EErtlM. 

Botany. 

Ccmpariitiro aoatcuny^ 

EOitur'ii oJEcfc 
EUiiiotogji. 

Fhib&§. 

Geology. 

Graphic Orta, 

History^ 

Inaocts. 

la^ertehrate poleontology. 
^bUutuuals. 

Miiflne Invertebratftc 


Sluter la meUlra. 
aieehnnjral tpchaology. 
Bcs 4 >xoIc fots^Uic 
MJDeniJogy^ 

SfiDonil teclisolofEy. 
MoUu&ks. 

Oriental nrchcology. 
PaieDhuliuiy. 

Porasltcfi. 

Photojjrnpby. 

T'by«1cal aotlirti^loey* 
Prehtfrtoric ntchooTogj. 
ne£itUcs niiil hatruchlaim 
SaperlcLtecLdoELt'B oflice^ 
Taxklonny^i 
TiiytUcs. 

Vertebrate pnleotitolDgy. 


BrUEAU OF AiLERICAN ETHNOLOGY. 


TItia librury is admiaiEtenHl imEkr Uie direct cure of tho etimdo' 
gist-in-charge, and nti account of its operatiGns will he found in the 
report of that bureau. * 


ASTlt01?nxSIC.VL OBSEltVATORT. 


Publicatioos relating to netrophysics have been assembled in the 
bookcases just completed in the east end of the main hall of the 
Smithsonian Building. This situation is convenient to the observa¬ 
tory, and the new facilities make it possible for the first time to 
properly classify this library. During the year there were added 
T2 volumes, 11 parts of volumes, ond 25 pamplilets. Fifty-five vol¬ 
umes were bound. 
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NATIONAI. JSOOIiOGlCAL PAUK, 

This libroiy contains publications rclaiitig to the work of the pork 
in tile caro of the animals, reports of other zoological parks, and a 
few works on landscai>© gnrdcnitig. The number of publicntions 
received was veij small ns compared with the previous Jfear, and this 
may be due to tlie fact that none of the parks abroad, except that 
at Cfizcb, Egypt, issued ony publications. During tiie year there 
were received 21 volumes and d pamphlets. 

8U3IMABY or ACCISSSIQNS. 


Tile following statement sammartzes the accessions during the 
year, with the exception of the library of the Bureau of *Vmerican 
Ethnology: 

To the RmOhwmiim deiiu«lt In the Uhmiy o( Contfieei*. tnclaOhijr porU to 

coDipletc *©lH——------ T,S03 

To tho Smlthsealau office, AatrophyBical OtMtcrvatoir, and NaUonal Zoo- 

lofilcni -——---—---—- 

To the Pnltod Suites Natlooal Uuseuni--—-- 4.022 


Total ..—--... 

Bespcctfully submitted. 


]2;,7S& 


Paul. BsOCKEtT, 
As»igtani Librariasi, 


Dr. CiiaaLKs D. Wanconr, 
jS'ecrctary of iho jSfluVAaonion fiutittUion. 

















Appendix 


HEPOET ON THE INTERNATIONAL CATALOGUE OF 
SCIENTIFIC LITERATURE, 

Sni; I hnre the hnnov to submit the fr»]lowitt^ repoH on the opcr- 
ntione of the United States Bureau of the Internatimml Cataloguo 
of Scientitie Utei-ntiiro for the fisenl year ending June 30, 1015; 

Tills intemntinnnl cooperative enterprise has since 1001 pnblialied 
nnnunl cb^idotl index cstnlugiies of the current scientific literature 
of the Trorld. TJie follon'ing'nntned branches of science are repre- 
ficnted each year by a Eeparute volome: Mathematics, mechanics, 
physics, chemistry, astronomy, metearolog^*, minora logy, geology, 
geography, paleontology, genera! biology, botany, zoology, anatomy, 
II ntItropology, physiology, iind biicteriolog)’’. 

All of the first 10 annual isnics of II Tolumes each have !)ccn pub- 
lislied, together witlt 15 volumes of the eleventh issue, 3 volumes nf 
the twelfth issue, and 2 volumes of the thirteenth issue; a total of 
1!M> rcgiihir volumes in addition to oeveral special voltimes of 
schwlulcs, list of journals, etc. 

The 15 vulumes of the eleventh Uhub publislied arc mnthemntics, 
mechanics, physics, chemistry, astronomy, meteorology, mineralogj', 
geology, geography, paleontology, general biotogj', botany, zoologj', 
anatomy, and anthropology. 

The nine volumes of the twelfth issue published are mallieranticf!, 
mechanic^ physics, chemistry, astronomy, geography, paleontology-, 
general biology, and zoology, 

Tlie two volumes of the tbirtoentli issue puldlshed are mathematics 
and zoology. 

During tlie year there were 26,413 classified references to American 
scientific literature prepared by tins bureau, as follows; 


Literature of— 

... . .10 

1007_ 10 

1903_ isa 

iWXi - - ifts 

1010 .. . __ 34S 

101U---—____ 1,358 

lOia- 8.311 

1013- aSJH 

inu----—----- laase 


Tatal-„„— ... 
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The object of the catiiiogiie is not only to insblish references by 
authors to cumnl scientilic litertitiii^j, but also to supply pi ivctieiilly 
a digest of tJie subject contents of endi paper by means of minutely 
classified subject catalogues* Tlie elaborate clnEKificption schedules 
used render it possible to refer to all subjects treated in jeacb paper 
imle^ed. 

It is the duty of thu? Bureau of the Intern atlonii I Cntnlogne to 
unalyatc and classify the contents of ail scientific papers publislied 
in tho Ignited States, An ideii of the extent of tlie work may l>e 
gained from the fact that lietween 2^,000 and 30^M)0 citations are 
$ent eajth year to tiie Tendon centm] bureau for publiadion^ the 
fiubjccts clnssified covering all brandicis of science. In this day of 
epeclalisaitiou it is not posssibie for one or twn individuals to have u 
thorough knowledge of all the sciencea^ and as economy of adminia- 
tmtion would not warrant the employment of. say^ a dozen special¬ 
ists;, il w as the practice for n numt>er of years to refer some of the 
more tcclmiciil papers to specialists for classification- These sp^iab 
ists, being employees of the various scientific limnches of the Tfov* 
emment in Washington, have, while not eng^igod in their oiTicial 
duties, nidi^d die eiitiilugiio by fumidling the classification datu 
rerjuired. Payments averaged approximately #000 [>er year, divideil 
among five or six individuals. It may \m said that while the 
specially were willing to aid in this iraportnnt intematiomil under- 
t^iklng for u comparatively nomimil eompensationj the catalogue was 
benefited to a very great extent^ for each cittUion fumislied was the 
ccjuivalent of a specialist's decision as to the value and application 
of the seientifie subject of each paper classified- Tliis method of 
compensating employee^ of either scientific bureaus of the Govern* 
merit wiis decideil on in after ii confei’encc between the disburs¬ 
ing agent of the Smithsonian Institution and tho then Comptroller 
of the Treasury, 

The present Comptroller of the Treasury does not iigree on this 
subject with tile former comptroller, and in a letter dated February 
4,1014, referring to a niiml>er of similar payments sbitcd i 

I ani of the cpinlan that tlie |>ajrm™ts In fi^c^Ioa canie within the pmUlbl- 
tloa ut KcctJona tuiil 1705, Efc^vlacil f;tatate«i, ami were not autHiorlsod hy 
law. In view of Oic tact ttiiit this oO^ce, In letters ilntctl October 24, i0i)5, 
ami Fehruory IS, IfNOC, mnetlDnotl the pa^metits to employees of other iKiimujg 
aial which pwnia to linvo bif ii coastnicU ta Ranetloii the pnyment 

for tKiili etttfsspi^ nn iUaflllownncc will nmUn In tbe present acttloia{>nt, bqt 
pn^eetii nuale sutit^^iuent to tlio date of tills decision will not l^e aUowoU* 

This decision has greatly embarrassed the work of the hurean, and 
it is hoped that Congress will so change? the w ording of future appro¬ 
priations for the juaintenanoe of the burEiiii os to iiuthorizo payments 
of this elianicter lieing made;^ 
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The general organi!i±itiou of die Intermitionnl Cutalogoo of Scicn- 
tilie Liiteriiture consiata of a eeatruf bureau in f^ondoD whose duty 
it is to assemble, edit, and publish classified rofei'cnDes to ciirrcnt 
scientific literature supplied by the toHous regional bureaus repre¬ 
senting the cooperating countries. The following named countries 
have estiihlished regional bureaus, supported in most cases by direct 
Government grants: Argentine Republic, Austria, Belgium, Canada, 
Cliile, Cuba, Denmark, Egypt, Finland, France, Genuany, Greece, 
Holland, Hungary, India and Ceylon, Italy, Japan, Mejtico, New 
South Wales, New Zealand, Norway, Poland, Portugal, Quretusland, 
Russia, South Africa, South Australia, Spain, Straits .Settlcnients, 
Sweden, Switsterland, Unitcfl States of ^Vmcricu, Victoria and Tas- 
nuiniu, und Western Anstraliii, 

The present war In Europe hns seriously interfered not only with 
die hnances but with tlie general work of tlie catalogue. Before 
hostilities began die receipts and expenditures of the Tiondon cen¬ 
tral biireuii just balanced. Tlieso receipts are derived from the >:ole 
of the catalogue to die various subscrilaiis tliroughout the world 
and are usetl entirely to defray the cost of printing and publishing. 

Suliscriptions aggregating almost $6,000 n year, due from five of 
the countries engaged in hostilities, have 1>een either deluyed or 
stopjxKl hy die war. The Ito3*al Society of T^indon, realijiing tbiit 
it would lie impossible for the central bureau to continue publishing 
the catalogue in the face of this deficit, has very generously niado 
0 grant of a sum almost sufiicient to cover the deficit caii 5 e<l by tbo 
first year of the war. It may be said that the Royal Society has 
not only stood sponsor for the catalogue since its inception, but it 
was thivingh the goutl offices of this society that the entcn^rlse was 
Ifcgim. It is poatly to be hopcil that this action of the Royal 
Swiety will stinnihite .similar institutions in the United States' to 
aid in making up the annua! tieficit until n rcndjiistiuent of the 
affairs of the bureaus affected can be made after peace baa liecn 
<lechired. 

Very respectfully, yours, 

Leon.\iu) C. Gt;s.VEix, 

.‘laa/n/rtn/ in i'litirgi. 

Dr, thiARiiia D. WALccm-, 

Secretary of the SmUJuaoniitn Imfttutteti, 


Appendix 8. 
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REPORT ON THE PUBLICATIONS. 

Sia: I hiive the honor to submit the following report on the publi¬ 
cations of tlip Stnilbsoninn Institntion and its branches during the 
year ending rTtinc 30,1015; 

Tlie Inslitiition proper published during the year 14 papers in the 
series of ^ Sinitbsiiciian Miscellaneous Collections, two annual re¬ 
ports. pamphlet copies of OS papers from the general appendices of 
these reiwrts, and 8 special publications. The Bureau of American 
EUinology published 2 bulletlni* and 3 nusccllaneoiis ptddicutioiis, 
nnd the United States National Museum issued 1 imnual report, 1 
volume of the Proceedings, and 41 separate pajiers forming parts of 
this and other volumes, 0 bullctiiii!, and 1 volume iwrtaining to the 
National Tlerborinm. 

The total number of copies of publications distributed by the In¬ 
stitution proper during the year was 77,710. This numtier includes 
620 volumes and separate memoirs of Smithstmian Contributions to 
Knowlwlge, 30,058 volumes ami separate pumpblcta of Smithsonian 
Miscellaneous Collections, 30,lH>9 volumes nnd separate painplilets of 
Smithsonian annual reports, 10,185 publications of the Bureau of 
American Ethnology, 5,424 special publications, 36 volumes of the 
Annals of the jVstropbysical Observatory, 121 reports of the llnrri- 
man Alaska Eipedition, 245 reports of the American Historical 
Association, 5 publications of the United States National Museum, 
and 103 publications not of tlie Smitlisunian or its branches. There 
were distributed by the National Museum 54,300 copies of its several 
scries of publications, making a total of 132.010 publications dis¬ 
tributed by the Institution ami its branches during tUe year. 

aiirnHsoNroN coNTiiiBurioNa Tti knuwledge. 

QUABTO, 

No publications of this series were issuet! duruig the year. 

SMITIIBOXIAN MISCELLANEOUS COLLECTIONS 
OCTAVO. 

Of the Miscellaneous Collections, volume S", the title-page and 
table of contents was published; of volume 63,1 paper; of volume 63, 
104 
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4 papers and title-pus^ ajjd tcibk of contents; of volume C4, 1 paper; 
EinJ of Yoliunc 65, 0 papers," in all^ 14 papers, as follows: 

FarHOfc 57. 

TltlG-pfloe ami taWe of paDti^nta. Joly 31. 1014. ( Ehibl. 22m) 

FofMiiriP 59. 

Nft 3. tlPi*M>ift m Europesin neroniiQtSe&i Intwratorlf^s. By A, F* Zahm^ July 27, 
1014 23 |i|x, U iiLs> (Pubt mdr) 

Fofujwc 

No. a Smlttvionlan PliysiMl Tiiblos. SJiUi rcvl^l c^imon. By F. R Fowl*'. 
Novenibor 10, IBM. rovl+J^ iPulil. 2200.) 

No. 3. KrplunitionK ana ec^lit-work of iho ginttb-^alaa TmtUntLoit in 1013. 
Novciutufr 27* 1DI4 SS jip- (t^bt. 2275.) 

No. D. Hie olfactory of Itufecta, By N, R Mcltiilooi Novetuber 2U 1314 
03 pp. (PubL 2315.) 

No. 10. Arclicwk^’ of the lower Mliiibres Valley, N, Mex. By J. Walter Fewice^ 
Deoeaiber 14i^ IBH. 53 jip., 8 plst (Ihibl. 

Tltlo-rago ami table uf toateate^ January 30, 1015. v op, (Publ. 2320.) 

NOh Z Gambrian ai?ntopcy ntal paleontnloj^. TIL PTe4!^m]irlnh Alj^ouklaa nt^l 
flora. By Cliorlc^ f). Walcott, July 22, I0l4. Pp. tt-150, pis. 1-23. 
(Publ. 227L> 

Fofurac 55. 

No. 1. TImj ppesent tH^rlhotloa of tbe Oaychopharo, a ffronp of terrestrial la- 
vertebratcsL By Austin H. Clark. January 4, 1015. 25 pp. (PnbL 
23in) 

Na 2: The developnretit of Uie liiu^ of the dlUoator. By A, M. Reese. March 3, 
1015. 11 pp.. 3 plR tPuhl. i^5a> 

No,^ A fJtUfJy of tho raillatioD of the ntmospbfre By Aiuleni K. AaeKtnTrfii. 
lloiti^lclns fuhi). 150 PO' (PubL 2354.) la presL 

Na 4. New evlilenee oa Ibf^ luleasity of the s»lar ruiUntton oatable the atnios- 
pliere. By O. tl. Abbot, F. R Fowle, and B. Aldrieh. Hoil^klnfl 
fuml. June ID, ]0iek 55 pp. U^bL 2351.) 

No. lx The fiJiCttliqiectiwwolW Iti tnliwraloj^y. By Ijdonr H IVberTy, April Ti 
XOlix lepp. (Publ 2302.) 

No. 0. Evploratlons and field-work of I he Smlthsoaiaa Imitltutlefi In 1014. June 
30, i&iSl im pp., 1 ph UMM. 2m> 

Na 7. 1!>'0 new Bcdis^ f^tn the southvmtem United Stairs* By Kenneth fC. 
Mackenzie. April D, ID15. 3 pp. (Pabl. 2304.) 

No. 8, Reiwrt U|>on a collectloa of ferns fmoi western Boath AmoHca. By Wh- 
llam 14 Maxon. hlay 3,1D15. IS pp. <Pahl. 2306L) 

SMITHSONIAN ANNTAL REPORTS, 

Repi^rt for 1913. 

Tho Anntial Report of the Board of Regents for 1913 was received 
from the Public Printer in completed form in Decemberj 1914. 

Annual Rcr^ori of tbo Board of Refpi!nt£< of the SmltbsenUn Institution show- 
biff operations, expend Stures, and eonfiltlott of the Ta 5 t!tutlon for the year 
ending June 30, IDlfl. xl4a04 Pit, IflO pla- i tbibb 22TT.> 


106 AN2TUAI. aKP0ET INaltTUTlON^ 1915. 

SdmU editioJis of the following papers, forniing the geneinil iippen- 
dix of thn annual report for 19iS, were i^ued in pamphiet form: 

Th& eftrtb ftM Hun m mcisnote, by George El HaIcl 24 pp,» S iilii. (Ptibl. 

22ra) 

Tlifl mictiun uf ttie plahehc upon the sun, by l\ PulH^itic. 10 (PuUI. 
lUeent pmgross In oftH^hyElra, by a G. 20 pp., S plst (PubL :l2SO,> 

Tlie vaTlh'a uiugnetb^Di, by L, A. linuer. IS pp., P pts. lltibl. 22S1.> 
lloilem SiJens on ilw oue] of the worStl, by Gnatriv Jauiimnn. 0 pp, (Publ. 
£aS2j 

Ri'tt'nt flevelopiuentR In ckH^troiiui^rnetLBm, by Eiifteno lUoclu 10 PP* {rubL 

traojoniKAloti of eiietT^, by Elibti Tlionitson, IS pp. (Pnlal 22S4,) 

Oil nitiis on ivnler ami cm nuTeury, by 13 pj>., T plA tl"nljl. 

2285.1 

Wei ter ami valninfe actlvltj. by Arthur Dfiy fimi EL S. Sliefrtienl. U1 pp,, ll 

pht (rubl. 2m) 

Ripple nmrkE, by Ob- Kr^ry, II pp.. 10 ji3a* ^ Publ. 2287.) 

Notes oil tiM? ^iDfileuI hmory of tlie walniitH ami lilekorEe^, by Edwaftl W. 
Berry. 13 pp. (Publ. 2288.5 

The fummtiott of leaf mobl, by Frenlerlcte V* Covllle. 11 pp, (I*ubL ^^189.) 

The ilevebipriient of orchhl euUlvatlott atiit Its bearing- upwio ovoEutlonarr 
tlteorles, )iy X CoaUintlii. U ppc llTibL2200L) 

The Euaniifaeture ol nitrates from the utiiiosplieine^ by E'rtw'St KLIbqm Jleott. 
2)0 Wn tils. iPabl. 22eiJ 

The }u~-o10igie bbilory' of Uhliui and Its Inlluenee um>h the Chlm-!£^ [M-opte. by 
E;ilot niiLckuolder^ 12 ppL, 9 phi, (Tuhl. 2202.,) 

The prabrL}mA of hi?redlty, by H Apert II pp. {ruhl. 2203.1 
HubItK of Oildler-emhiir, by A. H. Peonw. 14 pp^ (Publ. 22&4.) 

T!ie alialMmai of Cullfomla, hy Charles L. EOwanhu 10 pp., 10 pis, (Publ 
2295.) 

The value of birds to dmh. hy Jonii;^ Bueltuuil 20 pii, (Publ. 23)0.} 
ExiNorliueuts In feeds np bumnitoKhlnts ilurlng seven aujiiuiem. liy Althcu H 
KbeniiaJt 10 Jjp, ( inibl. 22337.) 

Whut the Anierloin Mird Bundin^^ Ai%^«Jatlon has nix^mpIIstuKl ilurlnjt 1D)2, 
by llownril IL Cleave ii pp., 2 pH U^hi. 2208.) 

The wSmle llsbedE.^ of the world* hy Charles Uribot. 0 pjx, 3 pH (PnbL 2200.1 
Tlip nujflfc aiurlent sHleLill rotiuiltLs of inam hy Alefl Hnlllfka G2 up. 4) pH 
(Piihl 2300.) 

TIm 5 rtMUHtrlUutlan of mntiklnd, by H. N. Dlcki^iL 17 pft (Publ SIOL) 

The tyjrtlKrt forn^ of humnn SiabltaUoEi. and their mlatliin to the geueml 
itfM'rtopment of dvIllMtIoti, by At. Iloeraua. S pp. (Ihibl. 2302.) 

FeuiIullBui In Pmlil4 It?? orldu. devetttpmout. nnd pnatent eonUltlop. by Jncmiea 
lie atorguo. 28 pp, (Pahl. 2303 ) 

RhLntDSjnii ami Jbi idpilfkntire. by K. Knnakoi^l 0 pp, {publ, 23CKt.) 

The ABudild qjui Alycellaenn element In Etelkute life, by A. J* KvansL 2l nn 3 
pis. (PuhL 2305.) 

Fliimeless caciibqsttoii, by Cnrleton Ellis, 14 pp., 1 pb | pnijl j 
Fr[>l»leiiis In Kmake, futne, and ilus^ Qliateateot, hy r, G, Cottrell 33 rm <17 

pla. irulil. 230f7.) ■ 

Twenty years' pro^fresa In nutrlne constraetton, by Alexander GruHe -vt 
<robl23(^) 

CfwttlnB II sutiterraiwiin rivier ninJ sopplytuff a Dwtwpolis witli momitaln wnUT 
by J. Befnanl Wfllkur and A. Rium(>U BociU 14 iip,, ll iJjj. (i-nbl. iJSOOj ’ 
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Thf* upii^lcntlon ol ih.& pliyjiSQlQi^ «jf c^kf vision in trwdera art, by Henry G. 

and J* J. IL MuclemL IT i*pr (FabL 2310.) 

Fuhi|pjis«cibil£ of iLouala^ i^fnrDi, by Jum&i^ Furd. I4 pp. <Fi]bL 2311.) 

TLc ccanoiuic luiri social idle of fosbkn, by Florre 11 pp. (Pabl, 

2312.) 

The work Qt J, Vtttt't Huff, Uy G. Hmnl. 23 IPilbln 2313.) 

/iepori for iW4* 

Tlv& report of Ibe executive committee axul proceedings of the 
TSnanl of itegenta of the TnFrtitiitian, iia well ns tbo report of the 
Secretary, for the fiscal year ending .Tnne SO, 1914, lioth forming 
port of the ^Vjitinal Itcijort of the Board of Begcntn to Congress, 
were published in pamphlet form in DecemJior, 1914, as follows: 

Ttojiort of (lie e9Con]th~p rotiunlttec Bad proceeillu^ of Uie B<air<1 of 'RreentB for 
the j-pfir ondlni: Jure 30, IDI'L 17 pu, (I’uhL 
TU?iiort of tJio Secretary of fUo SinlthiionlnR Iiistltatlon for the year eintlni; 
Jane 30. IDl h lU, 1X7 jirK, 4 pis. (Pabll. 1317.) 

Small editions of the following papers, forming the general apperi’ 
(lix of tbc report, were issued in June, and the complete volume was 
received from tbe printer shortly after the dose of the fiscal year: 

Thi! rttdSatUin df the sun. By O. G. Ahtwe, in pp.. 4 pis. fPutii. 2322.) 

Ifttlern Gn.'orles of the sun. By Jenn Rosier. 8 pp., 2 pis. (Puhl, 2323.) 

T)te form and consptutlon of the earth. By LquIe B. Stewart. 14 pp^ Uhilil. 
2324.) 

Some reiimrkH on toiatrlihma aiiropoa to their teroeatettary. By SL d'Ocoipie. 
7 piY, 2 pJst (Bubl. 2323.) 

hlndevii views on tho eaiistStuthiii of the atom. By A, S, Eve, 0 pp. iPuhl. 
2320.) 

Gyrostats onrl ujrostfitic action. By Aiulrew Gray. IB pp., II) pU IPuht. 
232T.) 

SfAhinty of aeroplanes. By Orville Wrifilit. 3 pp. (Paid. 2324/ 

The fitirt Tnan-airryliK' aerophine cnpahle of stcttalned free flli;hl—IjiUf;|oy'$i 
na Ji pioneer In aviation. By A, P. Zethtn. 0 pp.. S pis. (Puhl. 23Stt,) 
Same «fip*tct}i of Inilttstrlal choinMry. By I* H. BaeltDland. 25 pp. (rulil, 
2330.) 

Explosives. By Edwartl P. OTlwii. £7 ppi. 7 pH (PubI, K)3l.> 
ritmutwi of fUKtlnirte time. . Ry Clmrliw Stlmehert, 33 pp. iPald. 2333.) 
Pli'ochn.te haloes. By J. Joly. 13 pp.. 3 pH (Publ. 2333.) 

The ^MloKy of the iHdium of the wiia. By L. de TJttmay. £4 pp, (Pabl. 2334.) 
necent oreanofprftpUSe twwnrolifiii, By flh. GrftVlcr. 10 pp. (PaW. 233.'!.) 

Tlie KlolhlElis and Yukon floldfleld la 1313. By n, Jl, Gadell. 20 pii,, f! pH 
(Buhl. 233a) 

The hhitory of tho iSIsniViorj’ of iseiunTity la plants. By liancan S. Jaimsoa 
24 pp, (rah). £337.) 

ProbLeais and proRretH In plant pnthntoEy. By H R. Jones. ]3 pp. t(*ub1. 
2338,) 

Plant nutogrnjdtH and their rovehitluii-s. By JiijnidlN Chumler IhuK*. 23 pi% 
(PnhL 2330.) 

TliO Nrttloon] Zoolnstcal Park oiul Its InltabltniiH. By Prank Baker, 34 pp,. 
4t pH (Pnhl. £340.} 
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Ofi thi'^ hnblUL aDiJ tH>Iia7lar oE tbo IiDirlnj; piqLL B; R. ;&L EtronE!, 31 10 

pUc 2341,) 

Not™ dtt smni^ ettwia of citrmp tlroiii^ht In IVutpi-bpntp S^otitb Africa. By 
KntTL-nw N. STciniLa. pp. (Publ. 2S4?. > 

HoiiKPotlc rotk'OiicnitlaD of tin? anteiiiDJo !□ a FhaamlU or ^wLkln^tLck. By 
It O* RrIimSt-Jecis**iL 14 2 pK I imbL 2343.) 

latent life; Its lintiiro iinil Itn r^^latlonfl to crttaln tlimt-l#^ of cotilemncuwT 
bloloKy. By Paul BcefiuemL 15 pp. (Ptibl, 2S-M,) 

ThQ cnrly lohiibltaiits of westom AsItL By Felix LTwlmiu 25 pp., 12 plsL 
(Pnbl. 2345.) 

ExcaxatlciiiH nt AByiJuift By Eilotinrtl Nnytt]o. T pp., 3 pla. ^Pnlil. 2343.) 

All oxaitilantlim of Clhlqejip brcaisc^ Iiy Jnlin O, ForpnsMWL H pp.^ 14 pin, 
{E^ubt 234?.) 

nip rAlo i]f iKr«pf»|]iilAtloii, ilefoiT^tatlnn, a nil amlnrln In ttio ilecaileoce of enrtnln 
natloiuL By FolEr Hfi-notilt 5 p|L (PnliT. 2313. J 
Till! Htiiry of chin. By t^sula Hoblni^oii. 11 pp-. 12 pla, ^E^bL 234l>.> 

itjeycJopnwfits In tlje art of 111 nail nation. By Pn^oa S. litllliir. IB pp.. 
3 plfi. (I'lihl- * 

Tlio bKtni nnti tfplntlle; [ircstoat ai)E| futnrr^ By tather Elrmpor, 4D pp., 

11 plsL (Pulat 2351.) 

Tlic ileiuonstriitloii piny $^bi>ol of 10I3. By Cinrk IleOierlnp^oa. ^ pp, 
(Pubt 3?tn2,> 

Kkotoh of the llfo nf l>lnnFil Snes^B <1831-1014)» By Piem? Teroiler. 10 pp. 
(PiibL 2353.) 

SPKCiAt, PmLTCATIOXft. 

Tlio following special publications were issued in fx^avn form: 

l^tbllcattaiiRi of the f^oiHlecealnn Tiistit niton Iketwocb JsaantT I and 

lano 30. 1914. PubthihNt An^^i S. 191-L 2 pp (Puht £S7t ] 

PabllcatlanB of tlio Hmltlisoalsn Institutlnn lictwM?n JEmttsfy 1 and 

September HO, 1914. netobi^r 7* Ibl t 2 pp, {PnbL 2314.) 

Publication'^ of the SmtlhjcoiaJnn InBtttiilton btHUi*4t hc*t>veon Janunvy l and 
DwemihT 31, 1314- «fuaaary 23, 1015. 3 pii, (Ptibl. 2355.) 

PabllcatloTiB nf the SmltbaoDlaii lajctkattoo twtiYoen Jotitlnry 1 a ad 

March 3), 1935, April 17,1915- 1 p. (Publ, 23155.) 

BlftjrtapiiJcTil sketch of Jnaica Saiith^tL OciotK^r 30, IDll, 17 ppL, 4 pla. 
IPnhT. 22tlL) 

Opliiloos retklenNl by tbo IiitenuLt.loaal CcvinmlKxIon on S^hrglcal NotiionelatTirD, 
Opinion Oft March 3, 1915^ Pp. ITl-lTOl (IbihL 2350.1 
An Index tn Ibe I^lnsoum Balteninnam, By Wllllaia H, DalL March 20, 1915. 
&1 pp, (Ebibl. 2300.) 

PUBLirATIONB OF THE UNITEll STATES NATIONAL MtJBHUAL 

The publications of the yntionnl ^(nsoum are: (a) The ttn oiml 
rpport to Congress; (ft) the Froceedings of the United States Xa* 
tkmol Museum; and (c> the Bulletin of the Umted States Xatinnnl 
Museum, wUicIi includes the contributir)n8 from the United States 
Xulional Herbarium, The editorship of these publications is rested 
in Dr, Marcus Benjamin. 

During tbe j'car the ftriiscutu published nn nunna? report, one 
volume of the Proceedings and tl separate papers forming ports of 
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this iinil other volume^T ^ bnllctine, and one volume of Conirlbutions 
from the Xotionot IIcrt>;irium. 

TJje of the proceeclingR were as folloAvs: Volume 47, papers 
2052 to 20€3j anti die complete volume^ voltinie paiiei^ 2004 to 
SOOlf voliuDO 49, paper Aimuxit Keport of the United States 
Nation n I Museum for 1914- 
The liuUetins were as follows: 

Bellelin H, A maaoj^pb of tlio Foramfnlfem of the North Oovz^n, Vt\rt 

Vi Jtotiilllilae. JuirpU Au^aatltie CmbuiAO. 

BaUtnii 82, A of tilt? oxlJtiiig Crlaolds, VoL 1, Tlio CotnatulltL^ 

Part L By AuMtLa Hobart Clark, 

Bullf^Ua SS, He^tfllon of FaIodzoIc S^iplIofdiJeat wftli oijecial lefercu™ to North 
Aidorjeaa Anteroldca- Ey Clmrl^ Brliudiert 
BaJletlJi SO^ Offtoolo^' of Uio Anaionxl Dilko^^aurla Id tlia rfaltei] Slutea KailoTkal 
Masonm, with ^peclul reference to the gvuua Stego&uurna. Ey Gharlieac Whit¬ 
ney Cllmore. ^ 

Bulttrtlh lio, A tuoDograiiU <jf Ihp moUaijean fanmi of tha Urlhuulajif Puynax 
of the OIIi^ocodo of Tunipci, Florliiii- By WllUaia Floaley Dalh 
^[icchil BunetUl, Afiierinin IkydroldSt Part III, Tlio Qunpanulnrlilae aiMl Um 
BoELDcvleindqo, By Ctiarlos Glo^^liind NutltIl|^ 

In the seri^ of Contiibutioos fix»m the Natiomil Herbarium there 
appeared volume 19, Flora of New Mexico, by Wooten and 

Paul C* Standi ey. 

PUBLICATIONS OP THE BUREAU OF AitBRiGAN ETTHNOLOGY. 

The publicudoiis of the bureau are diseu^ed in Appendix 2 of 
the Secretary's report. The editorial work of the bureau has been 
continued by Mr* J. G* Gurley, editor, who has been a^'bted from 
time to time by Mrs. Frances S. Nichols, 

Two biiUediis and three miscellaneous publications were issued dur¬ 
ing the year, as follows: 

BuLleUn Byln^oa's Choctaw BlErtloaory, Edlt^l hy JoliD IL Ewaatoa adiI 
Hoary 5^, Httlbert- 

BuUcUd ES3. Uat of [labUcutloas uf tlie bureaiL 

No. 10. Clmiliir of Information Fegarilliie Indian iHupulikr muni^ 

No. 11^ Map vf nu^uhsUc famUloa vf AmerJeau indlonB north of McxIcol 
N o^ 12. L^t of Ihfllan w'anlfi dunoting oiud,'' protmred In placard form fur tme 
In the SnsIUiHonlEm exhibit at ihe Pananm-Padfle Hkpoellion^ 

Four unnuol reports and fire bulletins were in press ut Uie close 
of the year, 

PUBLICATIONS OF THE AMEBIGAN mSTORlCAL ASSOCIATION. 

The lULDual reports of the American Historical Association are 
transmitted by the assodalion to the Secretary of the Smithsonian 
Institution and are cominunicatcd to Cunf^ess under the pro visions 
of the act of iucorporatiou of the association. 


IIG AHinTAL BKPOIlT StllTUlSOKlAN INIiTITTmOS^ U^IS. 

The umufll report for lOlS 'was publkhed in Attgttst, 1D14. In 
Scptemlier, the manufirript of the 1013 report was sent to the 
printer, but it was not completed et the close of the year. 

» 

FUBUCATIONS OF SOCIETY OF THE DAUGHTERS OF THE 

AatKRCCAN HEVOLUTIOX. 

TJie manuscript of the Seventeenth Annual Report of the Na- 
tiotiid Society of the Daughters of the American Revolution for tlw 
year ending October 11,1D14, conununJeated to Congress March 
3, 1915- 

THE SMITHSONIAN ADVISORY COMlitHTferB ON FRINTINO AM> 

PUBLICATION. 

Tlie editor has continued to serve as ^retary of ilio Smithsonian 
ad^TfiOry committee on printing and piiblicntioiL To lliie ecmmiitteo 
have been referred the manuscripts proposed for publication by the 
Tarious branches of the InEtitutioUj as well as those offered for 
printing in the Smith-soiuan series. The conunittce also considered 
forms of routine, hlanhs, and various matters ijcrtuining to printing 
and publication# Eighteen mf^tmgs were held and 100 manuscripts 
were acted upom 

Respectfully submitted# 

A# IIowAoo CiiAJtK, Edi^or^ 

Dr. Charles D# WALcorr, 

Secretary o/ the Smiths<mian 


REPOriT OF THE EXErOTIVE COMMITTEE OF THE BOAIlli OF 
REGENTS OF THE SMITHSONIAN INSTITUTION FOR THE 
VEAR ENDING JUNE 30, 1015. 


T& B{fard of Beffents of £h^ Smith^omm Instilution- 
Your oxecutivc comjnitUMi rcjspcctfaliy submita th& following 
re|>ort iti rclittioji to iho fumls^^ receipt?, and disbur^cmenttf of the 
Institution^ and a siateiiieiit of the appropriations by Congress for 
the Niiticnal Sltiecuinj the Ititemational Eschanges, tho Borc^iu of 
Ainencan Ethnology^ the National Zoological Park, the Astmphyai- 
cul Observatory, and the Ititemational Catalogue of Scientific Lit¬ 
erature for the year ending Jnne 30, 1015, together with balances of 
previous appropriations : 

SmTl|Sl>^'ZAN ISSmTUTTON* 

Condition of the fund /if/y /, I&I5* 

Xho permanent fund of the Institntiun and the sources from Tvljich 
it has been derived are as follows; 


usrmrm} i^r the TWEAstmr ov rnis hotted srAixa, 


Bequest M . . .. 

Besldunry legacy oC Smltluseii, iSCFi_ _ , _ 

Deposit from sarlaei of loeomc, ia6T__ _____ _ 

Bcqncfit of Joines HanilUon, __ , ?1^000. 00 

Aecimialntct] tntefc^ oa HiimUtoo fouil, 1805 _ i\ 00 ®' 00 


Beque^ of Slmeaa Hubei, ISSO.—_ _ - . _ _ _ _ 

DapoiUtfl from proeralK of of baaO^ 1S81 __ _ _ 

Cl ft of TbomaH O* HotiKkIrtd, ISOI_ __ _ ____ 

Part of rosl^aary lofrticy or Thoniaa G, Hod^^kiau, _ 

Deposit from of Income^ 100®^__ ___ _ 

R<aiiaaary legacy of Tbomij^ G. HodgtLLn^, 1D07.— 

DeiKtfsIi from savings of Income, inia_^ __ _ __ 

Part of boqut^flt of wniiam Jones Rlujos, __ _ __ 

Deptwit of proceeds ftom sale of real estate (gift of llotwrC Stun- 

bM Avery). miZ _ ___ __ 

Bequest of AdiUscm T. RdU, . . .__ 

I>ex>oeit of iiatLiigs from laeomc of Arery bequest, 1D14_ __ 

Balauro of of WlllOim Jones Rhees, ISIS _ _ 

I>cposit of savings froin income of Rliees bequeHt, l£il5__ 


^515, moo 
2a,i;io. 03 
10S*020.3T 


s;ooo,nci 

500.0(1 

51,500.00 

200,000.00 

s.ooaoo 

211,000.00 

7.013.^ 

mo4 

351.05 


0.KK2.43 
4,Tftx01 
2)LM.OO 
m05 
2a 30 


m 
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I>ppo&lt of itftvioj555 trom locoui^ of Atwy 1015,— - Up SSi, 00 

of NtvlngB frt^m incoiBC of Hold lUfleJt 1015^— . - —— 42^L 04 

IkTwyJt of pni'inettt Lucy T. nod CksOffiO W, Prjorc fund^ 10l5_ SI, 534.02 

Total am-Diiiit of fnnd In Uio CFnitod States Tncaiiliiy — ■ - OOT^ 600.00 


OTtlEl wmQTmJcx&. 

Re^stortKl and iJtmtnntt'HiMl iKunts of Uw? WMt Slioro UcLllroati Co., 
liEiirt of le^cF or Tbusnos Op Uod^na (pnr vnlae) . . . - 42,000.00 

Total pormanent fund_ _ _1,020,0UO. OU 

Uirve sman ploetst of n^til mtatii lueatcd In tho District of Coluiubla md 
beqnMtlicd by Mc^n Stanton Av^\ of WaBhlngton, D, O, 

That part of the fund deposited in the Treasury of the Unitetl 
States bears interest at 6 per cent per annuiUi tinder the provieiona of 
tlie act of Congi^es^ of August 10, 1S40, organiaiing the Institution, 
and the act approved Maitih 12, 18&4- The rate of mtereat on the 
West Shore Hail road bonds is 4 p^t cent per aniiiiin. The real 
estate received from Ilobert Stanton Averj" is exempt from taxation 
and yields only a nommal revenue from rentals* 

iSTalenicnl of rcvcipt^ dad lUt^ancmeiirf from Jul^f I^ /an^: Sd, laiJ. 


itEcnyrs. 


Cnsb nn dCpOHlt and In flnfn July 1, 1014-^ -.. .. . .. COO, 13 

Interest ntn fond deposited In United States Treasary, 

due July t* 1014^ ttad Jnn. ], 1^15^^— -- $57*630. 00 

InltTcst on W<»1 Sbore Enllroad bond5c^ dao July I, 

1014, nnd Jna 1* 1,6SO. OO 

ncpnyiuents^ rentals, publlcntloxuip etc— _ _— 14, D22 h1?3 

Contrlbutluns from varloa.^ sonrees for E^ieclOc pass 

I-Tiej' T. nnd Gconn? IV. roon? fund^____ 24^ 534, 02 

Ceorgo n* Sanford funil^__ _ ________ 1,020. 00 

WiUlaw Jones Hbe^ fund~™____ 243.05 

-- moas.oo 


142, m 03 

DJSSirSSEUKNTS. 


BalldlEXgSv cans nod rrrmlra__ 

FamlliUT nnd Uxtares.___ 


Gcuend expenses: 

Siilnr les _ ___ __ 

aicettngs___ _ _ 

Btatlonory __ 

Pneta^, telegtnph, nnd ti@lc^on{>, 

Frelcht___ 

Incldentalfl, fiicl+ and UgbCs__ 

Garage_ -_ __ 


1^,514,26 

i4aoo 

770.01 

703.74 

03. 

l.m4T 

ltS2T-S£( 


5,m44 

1,:^.04 


23,41JL70 
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--------- $2, 5&*. 13 


PybllciittDns iincj tlieit Ol^rlbutLoas 

MlRcellaucflUJ c‘t^lkTll»^l»-_ _ _ _ l?3p447*ST 

l]e[>orb^-- _. ____________ 42 

Special publications _ SIJSviil 

Publication ftmipUcs^________ ISJLSO 

EoJur to _ — - • 0 ^ 72 

■ i3,ri«o,oa 


Hoilifklns apccLflc fimil, rcsiartlHjSi, au^t pabllmiltin-i ____ 2 , m 21 

lateroiitloueil Ejcclumgi^ - . -- _______ __ _ __ 4 y^ 74 

Git 1 k-r>' of Art^^ ___ _____ ‘ 

AiJvancc;) fop IloUl pjcpcim^, Me _ _ _ _ _ 

Dvpottltcil to LTCdit of i>dmiaiirnt fund _ __ _27»100.(Ml 

Lnin^Ioy AoriKlynjiralcoJ I-nU>riitory_ _____ __ 413. 


B^laiuiv Juno IDIS^ deposited wltli tlio "TToikfliirM' ^ 

of tho UuUc>f| ____ __ ____ $4l.W>fkSl3 

Q^h fin Imiiil^.______ 200,00 

-— - 42.1G5. SO 


142, m 03 

By authority yotir executive committee ngniu employed Mr* Wil- 
liam Lp. Yftcger (now Capital Audit Co., Willi mu L, Yaeger, presi^ 
dent), a public aecoimtaut of tliificity, to ntidit Iho receipts and dis- 
hursemetits of llie Smithiiiuniau In^iiutioti during tlie period covered 
by this report. The following certificate of exBUiination supports 
the foregoing statement and is hereby approved: 

CAMTAI AITOTT OuilPAST, 

MettnmuTAcc BiTnanwo, 

ih AfftrifAf C 19S^, 

E^i^aHrc CrmthUit:^, Boanl 0 / /fcfffcal#. ^mfrAnoialoa TmtUan^u 

Wc lictvo inciMiilneil Um? necminta and vouvIiiTa of tho f^mltlLBoubia In- 
atltutbiri for tbe year eoilInK June 30, 1015, and ecrUfy the foIIiuvUie to 
bt? a correct MatMiieat: 


Total receipts____ 

Total dkbnniriiQhinta_„ 


$112 035.00 
100.430.17 


Bxpcss of m^lplH over ilbihuj^nifM-ita_ _ __ 11,CC«178 

AmouDt fl-oM July 1,1014__ __ _ __ 13 

Balance an honU Junt- 30. 1015..___ _ __ __ _ ^4 105,^ 

Bninnee Hhnivn by Trnisury statetneat of Juue 30 , 1015 __ _ 44421,25 

' outMnndln^ checks __ ___ __^ 

^ ^ , 4i.mse 

Ealaace June 30.1015__ ___ ^"ikT^ 


TtkC vouclittTg rcpnwntliii^ iHiynionts froiu lltc SuiUluKuilim lacnme liurlnc ttiy 
year, each of ^vhlib b«int the approvnl of tiio secretary, or. In bla iiJuHiuce^ uf 
ISCI 8 “—UM 101 $-S 
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UiV: ULiliiii; fifcrilury, maj ii <?cftinciite Hint tlif nmtirrlQlJS null Krvlcss chnr^^ 
m?rc npiflled tLo piiriiC>sos 4af tlic Jmvd been racumluDd Ln 

Uon with the iHifllta ol tb£? XoEtltntloa aaij iipw wlOi them. 

r.ii^iTAi, Anurr Cfi., 

By WuxiAU L, YM:rrEiu JYcsftfciiY* 

All tnonoys receivi^d by the SmliliiaOtiiuri IiustUution Iram interest^ 
sales, iiefutiiliiig of [noneys tewipornrily ndvanccJ} or otherwise uro 
Jepcksrited ivilU the TiT-asiirer of tlie United StaUs to Uie rredlt of iho 
Inbtjtution^ and all pajnuents are made by checks^ signed by the 
.secretary* 

like expenditures made by the disbursing agent of llie iDstitution 
and audited by the Auditor for tbe State and Other Depertinents iim 
ret>fjrted in detail to Congress imd will be found in die printed 
document. 

Your eommitboe also presents tljo following stiintnary of appro¬ 
priations for the fiscal yeiir 1015 ininiisied by Congresi to the rare of 
the Smilh^mian InstitutJon;^ balances of previous appropriutiom at 
die beginning of the {hscnl year* and amounts unexi>ended on June 
SO, WU ; 



Arfca«bEi< 
aAjt Jaly 
1 + 19 R 

JuiueSD, 

ms. 

.iponniiiiiciiii HKimtUf^ by ocfiiSTf^ tiw iHCT Uw 

^nbitiBliauAl Eifluincei, 1 [^J 3 »......... 

H,a 3 

lixos 

fii 

TntfrnaiiiHLsl ExdiAiCifflMp ] 914 L_ul. ..d.,.,... ___ _ __ 

» 2 .MBvC(i 

1 f% 12 
TTf-J© 

InUlftaliukuI Eicbaaimp . . 

Anifrfcart EUmdUlfl^^ 11113 ___ 

3 p 4 Ja;?® 

i-wir* 

iKs.ao 

HI. 94 

l, 3 SLfi 7 

sa 9 i 

- 

1 , avi. IT 

42 ai .73 

1914 ................ . 

Amnitaa. Kllmidr^cj!', IVES..___ 

AitTfigiby:dCBk OlkirfVlIilf J, l'ffl 3 ...x^ _ __________ 

Of>«i?»loe¥, . ... . x+f , 


U,MS .77 

lo^eotkoa 

%m,V} 

bH«KL 0 Cl 

m.n 

T 2 ILflD! 

j 

1 

4 

11 

IhHjEdixluK bTfc^r*n Ubnubvp ins......... __...».. ^...,. 

b!lcit»pe m Mmnt WUksi^ lUlJI-.***.-..., . .. 

]lraLini 4 flmJlbwi»nbiLl]ilJii|r^lVL'E...„^......^ . . 

tfl^rifnttlLMrii C^aiKlJtlir^ IMJ _ _ __ 

Intcmiiliaiiiil CULolccutf. IBM.,........ .... 

|iktmiallaiveriU 4 lc^TlE, 19 t 5 ..^^ .... 

P “i w 

iQi IHL 3 a 

■: jTi EUP 

FmIlilri!»iHiaii 1 UFvapl 9 l^.. .+ ...... ... . 

Funilluftiwl OjtitfrsJSlI.......,.*,,,^ .. . . 

* « 

Xfc tLX 

FtJrRiUlfc uul fiiturcf k IVUlt . .. .... 

HHUiv«CKlIt^Llair.I 9 l 3 . . .. k . * ' 

■ Up i|CH| ifMl 

35 , wan 
III. {a 

?Vp 

noiAS 

im.Ki 

31 i« 

HcAiinx ucl UditlnCk IBN....... 

M>, 9 rj(!t.d[h 

IltvUliit mdlijihlliw.llIJSv... . . 

PtwmrutlPTi i»r«iElrfTligi»*lBI 3 .. 

a.Qsi^if 

7 .S 53 ,I 3 

13 At 

'ii i! 14 h i 2 Ef 

^haS&rTH 

TI 4 . 0 D 

JSfrr*,J 58 

< 3,67 

Vtattriiim ofccUivtim, 1914 ............ 

PrifanA^lhfiOlC^ittctUlila^. ISIi.. ____ . 

Oookf.EVU.^,,... ..... . . 

Biwini. . .... 

l.OSUU 

^ itt\ nn 

nwkaJDIS..^^ _____ ............. ■ —-- 

... 

nuiklbutrwbi^ 19 U.............., ,. .. . . . 

•PpWiL uu 

iwaoo 

1 ij. 

UNBOLTS 

■ ■ 1 ^ +*‘mm mm mm 

la 1 j 

BubcaDrrftfii^IVI ... 

Jj LT 

1 »m. 7 S 

l«,ttn,oo 

IL liL 

^ KH 
i,eia 

atoJeiQifrtfuuni^iins............... . 

Xollmal Z«ol(Jclflil Fv^k 19 L 3 .......... 

*S7r lA 

. 

HtUtoul .. ... 

ifc Je 

^ fi> 9 ta 34 

\Of\ OVL An 

1 -. Is 
iSK 

nri^oTw nKkc^b^NiitfDii&] riTk^. . .!!”!!" 

ijOiike? 

' 0 ^ XI. tfl 


t C.'4ciM t4 fndJt Qf forplui uaid. 
















































EEfOBT OF KXIICUTIVE COMAHTTEE. 


116 


Biatcment of inaomo from the SmUhi&Ktan fund ond from other 

9ourvft, accrued ond pro3pooitoe, ocoHabUt durkip the fi$tM jfcar ending 
June S9i l$i$. 


BaIAUCo Jone 30, ___ ... __ _ f 42 ^ 00 , 

Interest dd fund dqi}oeIt«4 In Unjtitd Steles Tnestmi^ 

due Julj- I, JaiL 1 , __ 1 ^ 3 ^ 000.00 

lELtewt on West SiKtre HaOroed iKiiidii^ dEui July It 

1015 . and Jan. 1,1016________ _ _ CSOl OO 

exchange rcioiymcnta, sale of iiabMcntlous^ n^Bd of nd- 

TOncGSp etc--------- U,mfi3 

Dcjioslts for sperldc pufpo«eti_____ 1 ^ 000.00 

- —- - 63t6ai.^ 


Total aToilahle for jesr cadLng Jiw 30^ 3016_ _^_ ifi©, 747 . dO 


RefrpoctfiilJy submiEted. 


Wasiojcctoi^, D. C. 


Gi:o. Ghat, 

ABcxAKb£ti Graham Beli^ 
Maurice Connoi*lt, 

EiceentUvc Conmiitee. 













PHOrEEMSKS OF THE BOARD OF REGMTS OF THE SMITE- 
SOKIAN IJiSTITUTION FOR THE FJSCAL UMi EKDISG JUNE 
30 , 1915 . 


AXXTTAL MmJTDIO, 10. 1014. 

Present; The IIoiu Edward D. ’nintej Cliief Justice of tho United 
St4iies. chancellor, in Uie chair; the IIou. Tlipmiis R* Alarshalt, Vico 
Prefiideui: of the United States; Senator William: J, Stone; Senator 
Henry F. Hollis; Representative Maurice Connolly; Representative 
Ernest W* Roberta; Dr, Andrew D. Wliitej Dr. A, Graham Bell; 
the Hoti. George Gray; Mr- Jolm B. Henderson, jm the Hon. 
Charles W, Fairbanks; and the fiecretary, Mr. Charles D. WalcotL 

nnaTn of sENAToa kaoo>'. 

The secretary announced the death of Senator Bacon;, who bad 
been a Regent of the Institution since and chiiinnan of the 

escentive committee for the last three yeata. 

Senator Slone submitted the following tribute to his memory; 

Ae^sitm Dctavliaa Bacoti. iloctor of Inwa, states J^enfltqr from 

fleonfEn* flikd of Uie Inriltatiuii^ dU*tl Fi’brourr 1014, 

In tliie «iivreatjr-nrtli of hla age. 

His offfloelatci on tlie Board of lEep'iitSv Aa^cdublea In noiitiAl mcetiog, i3o here 
lljelr iteraQiiiil aornjw Jn tUe Ittm of a dlstlngol Hlic-il eltizeu, Inw^^or, a ml 
fitatisaman; one wbose aoiinrt niMca will bv greaitj lulgBnl tini Iti 

Uiolr Oelilwratloiis oa the nttaira of Ltio Insiltulioa, lo mliosQ develojimt'Ot md 
Ifl w-hoK imim for tlse fidTaaconieat of Hflence an^I Oie Eeaeml wollita of 
inaiikJikL he at all times eiiMblteU the dccpc^ Icicrasti 

Ho w o a n mo^ wortliy e^Fomi^la r of a gentrenioii, a ocholar, a IcgL^Intorp and 
a eouucllori 

On motion, the tribute was imanmiouslj adopted, ordered to be 
spread upon the records of tlje board, and a copy directed to be sent 
to the family of Senator Bacon. 

APFOIXTltEXT' or REOEXm 

Senator Henry F, Hollis, of New Hampsbire, was appointed bv 
the Vice President on March 10, 1014, to succeed the iato Senator 
Baeonn 

Jlr. Omrlos F.Chonte, jr.,was reappolntetl for sut years by joint 
resoUition of Congre^, opp roved March 20,1914* 
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CIIJ.1BHAS' OF Tttli EjraCTJnVE CtiSt SUTTEE. 

Tho Hod. George Gray was elects chairman of the esecudve 
committee to fill the vacancy calleed by the deatli of Senator Bacon. 

BEaODVTlOR HELATtVR TO INOOAtE AND EXPESDITCTHE. 

Judge Gray, aa cUairttian of the executive committee, aubiuilted 
the foilnwing resolntion, which was adopted: 

Ristfttrfiit, That tin* ItifjtniK* of tlia In.>rtjliitlon fot tlH> yntir omliD!; Jnile 
30. laiO, be n[>pra[iriHt«l far tbi! strrlt.’e of itto tuatltatloD, to Ue cxiAiaiM Uj 
llie Semitaf)- witli tlie lulrkv uf Uie i‘*reutli'e cuiuwlttci^ wJUi full dJu^cretlub 
on the part of tho lu? to ItL^nii^ 

AJ^XUAti lierORT OF Tini EXECPTIVK COMAII'rr^ 

The nimual report of the e.X(?ciitive comiitittee, tiliowing Llie finan¬ 
cial condition of the Institutiun for the fiscal year ending June 30,, 
1914, was adopted. 

ATs'NUAL llEPOar OF TUB !*EK11ANBST COStUnTEE. 

Ilod^kma /wjm?.—T here lias Iwcn no change iu the status of this 
fund sinoe the last report of the committee. 

The sum of $11,000 \viis allotted from (Jie income of the fund, In 
accordsnee with the formal action of the board at the meeting of 
May 1, 1913, for the purpose of continuing the work of the Langley 
Aerodynamical Laboratory during tho past year. 

Two thouMnd dollars was allotted to Mr. F. G. Cottrell for 
experiments in the clearing of fog by electrical precipitation. 

*4 pery heqtieii .—Tbis bequest bus remained unchanged during the 
pnst year. Three parcels of land are JiiU to be sold. 

"I he Pofftt I'eccnt report states that tbis proiierty is 

being clowd np as rapidly as passible, and it is expected that witbin 
a short time it will be turned over to tho Institution. The wliolo 
estate is now valued at approximately $35,000 to $-10,000, but under 
the terms of the will the income Is to be added to the principal until 
tho latter has reached the sum of $arj0,000, the income of which will 
then becoTno available for the Institution’s purposes. 

On motion, the report was accepted. 

THE SECHETAIH-’s A>’KU.4L RBFOIVr. 

Tho secretary presented his report for the fiaal year ending Juno 
30,1914, and stated that since tlie last annual meeting of the Regenm 
^ero had been printed a total of !>0 publications, aggregating about 
o,Ora pages of text and G50 plates. Of this aggregate 23 volumes 
and pamphlets (1.620 pages and 2S9 plates) pertain to the institu¬ 
tion proper; 55 volumea and pamphlets (4,170 pages mid 352 plates) 
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wens by tbe Nutional -Museum; and 2 iroluMus and pamphlets 

(115 pngi^ md 11 plates) by the Bureau of Americpii Etbnologj". 
In addition tliero are now in page proof 5 annual reports (about 
2,000 pages) and 3 pamphlets and 1 sspeclfll publication (about 1,000 
pages); these will probably be midy far distribution within a few 
months The total number of copies of all publieatlons distributed 
during tlie year was about 1G5*0(M, There were transmitted 
through the institution to Congress two annual reports of the jlmer- 
lean Historical Aj^ssociation and tho Annual lleport of the Daughters 
of the American Revolution. 

Among the Museum publications is the sixth volume of the De- 
acriptive Catalogue of tlie Birds of North and Middle AmericaT a 
work in which there has thus far been tocbnically described more 
tlian S,50O species tmd subspecies of American birds. 

A second edition of the Rodgkins fund prbe essay by Hr, Hins¬ 
dale on atmospheric air in relation to tuberculous wois publislied to 
meet the general denmnd for this work* 

Tho institution also pubiiahctl tltrough tlie generosity of Mrs, E* TI. 
Harriman two daborato voSumes by Prof, Verriil, on the Starfishes 
of the Pacific Coast. 

On motion tho import was accepted. 

niE eECRETAET-S STATEMKSl'. 

Tlio BGcretanr made persenal statemcnis (is follows i 

Death of thtt tiMistfaui Aecreiarf/f Pr. ir. Tnie^ —Dr. True diefi 
on the 25th of June^ 1014^ in the fifty-sixth year of bis nge. He 
entered the aervieo of the Institution as the youngesl: member of the 
Bcientlfie corps brought together by Profs* George Brown Goode and 
Spencer F* Baird during the primitive stages of the National 
Miiseuni, his first work being in connection with investigations by 
tho 17- S. Kish Commission, Later he had been placed in charge of 
tho mammal collcctjcm^ in the Museum^ and upon its reorganization 
into three principal departments becatno head curator of biology. 
For a number of years he had served os executive curator of the 
Museum and at times had been designates] aiding secretary of tho 
Institutiom June 1, 1011, he bad Ijeen appointed ati assistant secre¬ 
tary, Ilia special duties being in connection with the lilirary and 
International Exchangea 

The secretary added a tribiitc to Dr, Truc's ability and loyalty* 

IVATlO^ilL ITCEimf. 

Ftatue of Lafai/ettc. —The Museum wm hemored during the past 
fiutnnicr by receiving as a gift from the sculptor, Mr* Paul Wayland 
Bartlett, a copy of his e<iuestrlim statue of the Maniuis de Lafayette 
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erected in l&OO in the Court of Honor of the Louvm, Piiria^ Frnnct«. 
The statue m Paris is of heroic aze onJ in bronze, and Avas presented 
to Prance by tlie school children of the United SUtef^ Tiie copy 
giren to the Miiseum the original plaster model, of natural eizo, 
in e^Ecelient condition, and has been inMnlled lu the rotunda of the 
neiT building. 

Cdleetiarn of jyfdJiofl.—Since th<5 begitinitig of the pn?scnt focal 
year the Museum has received a remarkahk donation consisting of un 
historical collection of pianos, the gift of Hr. Ilugii Worcb, of 
Washington, by whom they had been assembled. Mr. Woi-ch is u 
student of the pianos on which be is preparing an extensive memoir, 
which is BOW approaching completion, heuca ho has sought a place 
whore his collectiun could be pcrmnncfitly pi^ntnl. The scries 
consists of over 200 emmples, covering the entire periotl from the 
invention of the piano, shown in the various changes in construction 
and the great variety of form and deeoriitbn of the case. Tlia col- 
ketioa is very beautiful, mslmetive, and has involved a very largo 
c-'Cf>etiditur« on the part of Jfr* Worch. It is being installod in the 
first gallery of the rotunda in the new building, which it w 111 eutirely 
fill. The Mu^^um was alraidy in possession of one of the col¬ 
lections of instruments in any of the niuseiuiis of the country 

and the addition of such an imporiarit epedal series will prol^ably 
give it a very high ^anding^ 

Gift of d/r. John IL fleiuhraon^ ^.—During a number of years 
the MiLscuni hiis been placed under cloep ohllgatiom tn Jtr. John B. 
nendersnii, jr., n Regent of the liistituilon, for valuable collcrtinns 
of marine animals secured in the course of his ow"ji c?^plorations, in a 
numlH^r of whirh members of ttie Museum staff have participatc'd as 
guosta of I^fr. Henderson. Very recently itr. Ifenderiion baft made a 
most exceptional don at ion to the Miiseiun, consisting of over SO^OOO 
ftpeciTuens of land, fi'csh-water, and marine mollusk:^, iLSsemldiKl dur¬ 
ing a long pericH] of years and represeuUog in a broad sense the 
donor's special lines of study. Notable among its contents are 
specially fine series from dappu collected by Hirause, and friiiiii the 
Philippines by Qiindrius^ the old and valuable mlkctlon of J. H. 
Rcdfiebl in its entiiety J and a eompicto set of the fluviatik and hind 
fthells of the Southern States. This is Tincpiestiomiltly one of tlie 
most valuahlo ndfliiions to the division of mollusks of the Museuio 
since tlie bctpicst of Dr. Isaac f^a. 

nUmiLM7 OP 4URlIfCA£4 ETIlKoLOfir. 

Tlie Bureau of American Ellmolog>' bus tjeeu devoting special 
attention to the study of certain tribes^ of Tncllnns on the verge of 
extinction. To this end successful efforts have boon mode in reconb 
ing the limguagcft, beliefs, nod cUHioms of some of the tcil^Hi of 
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Oregon, Okliiliomat and, Tt?xn5, In some iUese rcmnimi groujis 
ore reprt^ntod bj only one or two inirviTon? who j^peflk tlieir native 
taDgnag:i% hence the very h\^ opjiortimity of gaiiiing iinthflutic in- 
fnnniition regarding them has etnhraced- IiJ other direottons 
also the htireau's act I vi tied are lieiog vigtjroiiMy pursued and several 
volumes will soon lie publLshctL 

ADPmOKAL Ul^d rob natio.^ai^ pauk^ 

ftinee the f^tatenient at the last meelitig of the l>oanl much delay 
hns been encountered in Iho Ete|is taken to actiulrc the land on Con- 
ncrtirtit Avenue^ for which Congress npTJniprlated $107^00 by tlic 
act of June 23, 1913^ hut U is now understood that the jury of con¬ 
demnation hns completed its work and will shorll_y pi^sent its fiiid*^ 
ings to the court. As proviousjy j^ntedi, Uio loud in ([iiestion has a 
frontage cm Connecticut Avenue of l.TnO feet and covers about IQ 
acres, and wlien acquired will bring the park area to ISO acim 

¥11^ JUataDYNAJUlCAI. X^miiJlTnitV. 

The first year's w'ork of the Lnugley Aerodjuiasiical l^ibonitoryj 
reopened nuthoi'Ixntion of the Board of Ilogenia in ^luy, 1913^ was 
to organize an ndvisory committee- aminge a comprehensiTe piogram 
of operations* devise w'ays and mennsi of carrying on investigations 
and piibbstilug reporter conduct such active expcririients as were pfs^s* 
Bible wdth tlu> moami immediately aviillahle* and secure and arrange 
in die ilbrarir' all available aeronautical literature. 

The reports of the committee thus far pnblijfhcd have appeared a? 
iudividujil ]}iiiJcrB iu thei Smilli^oniaii Miscellaneous Collections* 
The fii^'t of tbe§o nKiounts the orgaiiisoitioa of the advisory eoTnmii- 
tee and tljc resources of the Langley Lnboratoty- Tlie fii'st technical 
piibtioitlon sets forth the results of exjicrimcnts made at the mo<lel 
tank at the Washington Kavy Yard* Another report describes the 
organization and etjuipment of the leading aeronautical laboratories 
of Lfiglimd* France, and Genu any- Some of the repeals? of the (com¬ 
mittee arc as yet coufidential or incomplete, sucli llaiumonJ^s re- 
])urt on wireless comin uni cations to and from air ciafL 

Tlie members uf the various committees of the Langley Laboratory" 
have been active in aerodynamics and allied subjects. Naval Con¬ 
structor llimsaker boa com]deted the mstalUtion and equipment of 
tlic iierotechnical laVuiratory at tbo Massachusetts Tnstitiite of Tech¬ 
nology and has sent the Sinithsimian the results of the fii^t researches 
for publication* Mr* Buckingham has corapletetl nnd publislied a 
insisierly pa|ier on the matbematicul principle governing the itslations 
of exjtffimentul models of all sorts to those of fuU-™le niachinca;* 
Dr, Ihitnphreys bae published a long paper on the physics of the 
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cttniospherie. Dr. Ziihin hm lielped to for the United Stilted 

Army SOO-horsepower biplane and has published a matheniiiticul 
method of analyzing the stress sustained by such an aeroplane 
during flight 

Tlie library has been furnished with the chief aeronautic porifnli- 
cals and the best books thm far published. The recent additions 
nimiber 120 pnhlioitionsr of whidi 71 were purcha^ and the others 
reeej^'cd in esdiange. The publications were chosen from a ILst 
epeciallj prepared by Dr, Zahm and Xaval Constructor Hunsaker 
while visiting the tending aeronautical libraries of Enrf»pe. 

The rehabilitation and sucw^ful launching of the Langley ncrr>- 
plane, constructed over n decade ago, was accomplished lost Mciy^ 
The inachinn was shipped from the Langley Laboratory to the Cur¬ 
tiss Aeroplane Factofy to have the planes recanvassed and hydro- 
aerophme floats ottached l>efore kuncliLLng on Lake Keuka Mny 28. 
With Air. Curtiss as pilot the machine phmed easily over the ivuter^ 
cose on level wing^ and flew in atetuly 150 feet* Subsequent sliort 
flights were made in order to secure photographs of the craft in the 
air. Tlion Mr, Curtiss was autliorizedj in order to prolong the flights 
w'ithont overtaxing the hearings of the Langley propulsion plant, to 
install in its place a sUtidard Curtiss mutor mid propeller. 

On Octol>fir K hovering within 30 feet of tlm water and witiiout 
material loss of s[>eed^ tlie great craft made in quick snccesinn flights 
of the following diimtioa and length at an average speed of 50 feet 
per second I Twenty seconds, l,CNJO feet; 20 seconds, 1,000 feet; 05 
seconds, 3,2,50 ft?ct; 20 seconds, 1^000 feetj 10 ^cends^ 2,000 feet; 4x5 
second^ 2,250 feet Tlie total weight of the aeroplane w ith its hydro 
lloats and the pilot was 1,520 ponnils. 

The tests thus far made have shown that former Secretary Lang¬ 
ley had sticcceded bi building the first aeroplatue capable of sus- 
tuiiied free flight with a man. It b hoped that fiirtlier trials will 
disclose more fully the advantages of tlie Langley type of maehine- 
Tt may ho recalled that this aeroplane was Ijcgtin in 1898 for the 
War Departmeut, and in the interest of the national defen;^. 

The nutneroii^ and comprehensive aeroteclmicai investigations 
plunnetl for the Lftngley Lal^orutory can be Buccessfully carried otJt 
only when Increased funds are available. Properly equipped and 
endowed, the hilK^riitory woTiId serve ns a national aeitinaiititnl in¬ 
stitute ^uitaldc for conducting the aerotcchnical investigations and 
tests riHjuired by the Government and tlie aeronautical industries 
of this country. 

Tlie secretary further spoke of the personnel of the advisory com¬ 
mittee, ittid said that its operations were very" much haiii|>ered by the 
rci-ent det Lsion of the Comptroller of the Treasury tlmt it was illegal 
for the members already in the Government service to act as an ad- 
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vi&ory committee to the lubomtoiy. All of the petjtlco'ten elected 
ImTa their intercept and willingness to serve, but in view 

of the decision referred to were able to do notliing except in a most 
informal manner. The Bccrvtary expressed the opinion that a com¬ 
mittee of the Regents should be appointeil to take up mutter? in this 
connectioa.^ 

Dr. BqU said that ho was mnch gratified at the secretary’s state¬ 
ments in I'Cgard to the successsfiil flights of tho Langley aeropluue. 
He wiis fumiUar with its history and hod boon present ut tho llights 
of tlie models^ and now that iha large rnachinOf with the addition of 
floats weigliing upward of dOO pountlsj had actually tlown, he felt 
that the Institution, and the board also, should be cmngmialutcd at 
the verification of Liingleys w^ork* He thought that the Liuigley 
type of machino was a correct onOf and he hoped that this would 
be furtlter proved by tho additiockul flights contemplated. Ho 
UiQUght tliat tlie imiMjrtaiit work of tho laboratory should lio facili¬ 
tated in every way^ and he hoped that tho coiumittee recommended by 
tho secretary would l>e appointsHh 

Dr. Bell tlion submitted tho following resolution, which w'aa 
adopted: 

That n commUtee be appointfm by ibe clumc^lTar, to constEt of four 
iiieui1]4Ti$ of tlie btmrU and th* iwtvtafy, to ivia<iIiJcr anefalonii rnlatlvo to tliy 
iJinjEler AeitKl^imik'al Ijibaratory. 

Tlio chniifflillor nppointed tho following os Uio committee: Dr. 
Bell, Senator Stone, Bepi’escntative Roberts, Mr HenJjereoti, nnd 
tlic secretary. 

HEfiE*nCH COBPORATlOJf. 

It will bo recalled that when Dr. F. G. Cottrell presented bis pre¬ 
cipitation ptttents to ttie Sniithsoulan Institution, the BonrJ. of Re¬ 
gents decided that It was not practicable for the iMtitution to uiider- 
tuke the comuiercial development of the patents, but there was no 
objection to the secretiiry L^miug a member of a distinct orgtinina¬ 
tion that would undertnke tlieir development. 

This independent organization was fornied under the laws of the 
State of Xew York as the Research. Corporation, as report 4 Hl to the 
Board of Regents nt the meetings in ltH2 and 1913. The secretary 
becanifl one of the directors of the corporation and a member of die 
exeentive committee. The board includes a number of prominent 
inrn of wide business experienw, sucli iis James J. Storrow, of Lee, 
nigginson & Co., bankers, Boston j Charles A. Stone, of Stone & 
I\'ebster, Boston j Arthur D, Little, of the Little Chemical Co., 
Boston; T. Coleman Du Pont, of Wilrnin^on, Del.; Elon H. Hooker! 

■ irt 6t ConetBM •purorea H»t. 8. tSlB, the JKmldrat wt* iHUMrlltiMl b> ■.npolnt nt 
EidTlcorj rfunpattN- tvr ftvm^HUiicn. 
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president. Honker Elcctroehemiciil Co,, Niugam Pallsj X. Y.; Ben¬ 
jamin B, La^TTence, mining engineer, of Xew Y’ork; George F. Kims, 
of TifTaiiy & Co., New Yorkj Frederick A. Goetife, ilean, eugineenng 
department, Colutnbia University, New York; William Barclay Par¬ 
sons, engineer, of New Y’ork; Mennon Jennings, mining engineer, of 
Wa$^in^Dii. 

The ilevelcipment of a patent on a commercial basis is a very difli- 
ciilt proposition, and it was only through the active cooperation of 
Dr, Goctae, elmirman of the executive committee, and other gentle¬ 
men on the IsHird, in conneetinn with the engineers of tho corpora¬ 
tion, that success has l^een ettainetl. 

Oil a capital of $10,100, snhscribed by the directory and the fees 
received for engineer services, work was carried on for IS montlis. 
In July Inst there was but $1,200 in the treasury and many monthly 
cspcnses to bo met. This was tlie low-water mark, as payments then 
began to come in in the form of royalties and payments for tlie per¬ 
manent use of tlie patent, so that on December I there was $05,000 in 
tiie treasury besides $100,000 in approved notes. 

At a MCent meeting of the board of directors it was decided that 
no grants for general Tcsearclv would be made until after the invested 
funds O'! the corporation were $100,000 with cash in bunk for ex¬ 
penses. 

In addition to tlie Cottrell patents, the corporation is now consid¬ 
ering the acceptance of certain rights in connection witJi a patent for 
a reinforced conci'cte railroad tic that is nuite promising. Tliere ore 
also several other patents that have been brought to the attention of 
the engineers, but owing to the necessity of concentrating all effort 
upon tho coinmefdal development of the Cottrell tents, it was not 
deemed best to undertake other investigations. Now that the llnan- 
cial comlitions are improved, some money and energy will be ex¬ 
pended in looking njj the concrete tie and other promising patents. 
<*>wing to the wide experience of the members of Uie hoard and their 
standing in the huHiiicss community, it has been possible to do work 
in connection witli the Kesearch Corporation that would have rc- 
t|mred the expenditure of large sums if undertaken by an ordioaty 
business organization or private individual. 

CUUXBING OF roa DY XLECratCAl, PHETTPITATIO}!, 

Science has cstablisheil the fact that all du-st and fog particles in 
the open atmosphere are cloctrificd and subject to tlispersion or 
precipitation. It is apparent, therefore, that a source of very high 
direct voltage with facilities for control and application, may l*c of 
inestimable value m certain quarters and seasons for clearing ft>g 
from a street, from along a passenger railway, from around the land- 
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ingstages of a ferry, or possibly about and La iidvaDoe of a ship under 
headway at sea, 

Sametime ago Mr. Cotti%U, who has liccn referred to in connec¬ 
tion with the work of the liescurch Coi'porittLoii, expressed to the 
^rotary his desire to take up the investigation of tiie possibility of 
ckuring awny fog by tlie precipitation nicthf*d mentioned, and he 
was asked to coimnuideato Again later when his ideas and plans wCre 
more fully developed. 

He has recently written from San Fmncisco to say that the idea is 
now arousing inteiest in vuriotie iiTiarters; for instance, the Unt- 
vendty of California is actively engaged in the investigation, while 
tlio United States Ughthoiiso Ikrvioc hits placed its boats and facili¬ 
ties at his disposal when needed, w hite assurances Imvo Ijcen received 
from certain transportation coinpiinies that os soon us deiinite eflecta 
in lire ot>en were sltown they would assist in the further development 
of the work. 

Mr. Cottrel] staled that funds were urgently needed to enable the 
university people to carry through what he tenoetl the academic part 
of the program. They Jiad already occojiipliflhed a great deal with 
their own funds and the apparatus and supplies contributed by the 
electric companies, but certain essential equipment was ncoded that 
could not lu} obtained through these channels. Chief among these 
was a transfoniier of ot least 3r>{),000 volLs, whicli would cost alxiut 
$1,500; and $500 additional was desired for smallGr iteius of special 
equipment. 

The inipuriiince of this work was apparent, and it came witliin 
the scope of resean'^lies outlined in the ITodgkins fund, an allotment 
of S’i,000 was made. 

In acknowledging this action, Sir. Cottrell staled that the San 
Francisco section of the American Institute of Flectricnl Engineers 
had appointed a committeo to cofiperate in ttiis grant work, lioports 
will be submitted from tinia to time on tbe progre^ of UiS investi¬ 
gation. 

the ruuuR cornECTioN. 

Tlic original gift of Mr. Charles L. Freer, of Detroit, Mich., made 
in loots, comprised aliout 2J)2G paintings and other objects of art. 
The additions »Dce tliat date, recorded in five supplementary inven¬ 
tories, the last aubmitted in Febniarv, 1014, Increiuse the total extent 
of this wondered collection to 4,Vul pieces, of w^hich 993 are paint¬ 
ings, enginving^ lithographs, etc., by American artists; and 3,718 
are oriental paintings, pottery, bronzes, stone and wood carvings, 
lacquered objects, glass, etc. In the ciglit years whicJi have Inter¬ 
vened since tlie acceptance of Mr, Freers offer the collection has. 
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tb ere fore, been doubled in ond its valtio has been increased 

far beyond all earlier expectations. 

The secretary added that Mr. Freer wm considering tlie matter 
of erecting the building to houac bis gift, ami tliat the qtirstion of il 
site was now tm important one, and he suggested thul a eonimittee 
U) appointed to take the matter cip. 

!Dr. T\liile offered the following iiesoltition, which was adopted: 

Tliat f^nir nirtabcrg of ihx* board aad tliy iM?crHiir>- bo iiippclnUHi 
liy tlie cbancellor rs □ caminlttec m tiie m-arljig of a »Ete for tlie Art 

Galicxy^ 

The cfaancolior appointed the following as die committee: Senator 
Lodge, Senator HoUbj .fudge Gray, Ke|>resentatire ConnoUy, and 
Secretary Walcott. 

WORK tlNtJER THK ITAaRiatAN TRtrST FC^^D. 

Dr. C. Hnrt Sferriam, rcsejarch associate under tbo special fund 
established by Mrs- E. TL TTarrimani has continued his studies of 
the big bcBi^ of America and has pmcdcally completed the research 
work. 

In addition to the technical studies, the literature of early explora¬ 
tion and hunting in the westom and nordiem parts of the continent 
bns been searched for records concerning the former ranges and 
habits of the grizzlies and big brown bears, and it was now possible 
to determine the relations of most of the species and to arrange them 
in de^nite groups. Of the true grizzlies there appear to be about 
38 species and subspecies, representing a dozen groups: of the big 
brown bears, about 10 species, representing five groni^s. 

RirrAias, sstrrnsDNLxx nuiinrso. 

The appropriation of $10,000 for tlie repairs to the exterior of 
the Smitlisonian Building became available on August 1. lOll. These 
repairs are tiow practjcally conipletcd, well within the litnlta of the 
appropriation, the balance remaining being set aside for exterior 
painting and some further minor repairs which will be undertaken 
in the spring. 

KXtOTmosrs. 

BifmM c:r‘pcdUio7u —For over two years an expedition has been 
engaged in Borneo through the generosity of Dr. W. K Abbott, a 
collaboratar of the National ^rn^nin, who had at the time of the Inst 
meeting contributed ?^,000 for this purpose. Dr. Abbott has since 
added $3,000 to this BUin for the completion of the work in Borneo 
and the further work of collectitig in Celebes, the fauna of which is 
practically unrepresented here. Mr. II. C. Raven, who has Ijccn 
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conducting this expedition, left Uomeo in June, IDli, crossing TvHth 
his native lx>at and crew to Celebes: 

In addition to the gifts Already mentioned, Dr> Abbott hns biiik 
plied Mr. Karen directly iritlt ommunStion and supplies Euid with 
funds Aggregating betureen $500 and $1,000. Jliich rahiflble material 
has been received from Borneo and the M'ork in Celebes is expected 
to prove of great interest. 

Biological work in. Tiorth China. —At the last rnceling mention was 
made of the trork being carried on in north China by Mr, A. do C. 
Sowerby through the liberality of a gentleman who desired to re¬ 
main unknown. There has been no change in this condition, blr. 
Sowerby has already sent numerous valuable specimens lo the Mu¬ 
seum and other collections are understood to be nearly ready for 
shipment 

Briti«hCotwnbia and Montana, —The Secretary continued the work 
of exploration among the fossil beds of British Columbia inaugu¬ 
rated some yeare ago, and extended the work to Montana, 

A week w*Qs spent in meEisuring and recording the How of two 
glaciers near Glacier, British Columbia, before beginning die meas¬ 
urement of sections and the collecting of fossil remains In the very 
ancient pre-Palcostoic rocks of centre] Montana. 

In Montana a camp was eshiblishcd in July and field work con¬ 
tinued until a heavy snow storm closed the season early in October. 
A number of great sections of bedded nocks were studied imd meiis- 
ured. Large collections were made from the limestoines, that in¬ 
clude the oldest and most simple forms of life yet recorded in the 
early histoty of tho earth. They are mainly algal deposits that may 
be compared with tlioso now being made in fresh-water lakes and 
streams by the beautiful blue-green algae. 

At the secretary's request, Dr, Albert Mann, the distinguished 
microscopic, began a search for microscopic organisms in thin, 
translucent sections of the algal depoats. Re Has discovered tho 
remains of two t^^^pcs of bacteria in great abundance. These, in 
connection with the taicroscopic cells of the algae, furnish positive 
proof of the organic origi|t of the limestones in a period that hereto¬ 
fore hod furnished no evidence of such Ufa, 

^o?ar rmfiiJfMwi.—Observations have been continued on Mount 
I^'ilson, Cal., for the purpose of observing tho variability of the 
sun, and of confirming the newly discovered rahitionship between 
the variation of the total heat of tho sun and the variation of tho 
distribution of its light over tlio solar surfaoe. Computations of 
the results are now in progress, and it is hoped vety soon to make a 
satisfactory confirmation of this discovery. 

hlr, Aldridi, in cooperation witli the United States Weather 
Bureau, sent up several soujiding balloons with apparatus attached 
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for jncasuriog the hent. of iho sun at bigh nltitiides. In apito of 
unlooked-for diRiriikico, an cxocllcnt osoeasion waA mode to on oUi- 
tudo above tS miles and very fino records were obtained, the pre- 
Hminory reduction of which indicate that they wilt condnn tlte 
value of the sotnr constant of radiation which has resulted from 
years of observation lit the Astixjphysieal Observatory. Additional 
flights were made np to altitudes of SO miles, but no records were 
obtained at that height owing to the freezing of the mercury in the 
thermometers. 

By invitation of the Australian Government and of the British 
Ass^iation for the Ailvancement of Scicflcer Hr. C, G, AbtM>l, 
director of the Astrophysicnl Observatory, attended the meetings of 
the British association in Anstmiia and irabraitted to the Austntlian 
Government a recommendation for the establishment in that country 
of a solar observatory piirticnlarly devoted to the measurement of 
the radiation of the stin. Owing to tiifl breaking out of the war In 
Europe, the Australian Government was unable to promise defuiitdy 
the early establishment of such an observatory, but expressed great 
interest in the project. 

hleaid of Ti7tu)r edf/Jcrfffion.—The island of Timor in the East 
Indies has been a rich collecting ground for scientific study, thou^ 
little or notlung has been done by tlic paleontologist. An expedition 
for this sole purpose would be a very ex[>ensive undertaking, but an 
opportunity presented itself for acquiring many of these collections 
tlirough the courtesy and interest of Mr. W. E. Crane, of Pittsburgh, 
a retired engineer ond an enthusiastic collector, who had planned 
to visit the East Indies and to aid in making collections on the 
island of Timor for the National hluseum. The expense of the 
enterprise was estimated to be ^2,000, one-half of which was con- 
tributod by Mr. Crane, while Mrs. E. TI. Harriman and Mr. Frank 
Springer gnve $oOO each. 

Unfortunately, about the time Mr. Crane was to start, the war 
broke out in Europe and the expedition bad to be abandoned for the 
present. 

IFciifer/i Sif^erinn During the spring of 1914 the 

secretary received infonnatlan that on expedition was being fitted 
out for western Silwria to take in the Kolyma River region, for the 
purpose of moking collections in general ethnology niid natural 
history. The locality was represented as particularly rich in such 
materiol, and after consultation with those qualified to advise, the 
secretaiy^ decided that it would be well that the Institution par¬ 
ticipate in the results of the expedition. 

There being no funds of the Institution that could lie allotted for 
this purpose, however, steps were taken to secure the means by pri¬ 
vate subscription, and it is with pleasure that llic secretary irW' 
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nounccfl thut ^ sum sufficiont foe the purposej $3^500^ was contributed 
by tlie Tellurido jisaociation of Provo, UtiLlit and Ithaca, X* Y, 

The expedition is imder the direction of Mr* John Komx, an ex¬ 
plorer of exporience^ He is accompanied by Mr. Copley Amoij^ jr., 
who made collections for the Institution in 1P12 along the Aloskan- 
Canadian boundary, and by Mr, Benno Alexander, of Tolt, Wmdi., 
who is tije Gpccial representative of the Institution* 

Tho chief ol>ject of the cxpcditjoii, so fur as the Institution ia con* 
cemedT is to eecure remains of the Siberian mammoth, tiie woolly 
rhinocerosp and the mastodon | it ia also desired to secure skulls, 
tiisks, hair, skin, flesh, ami anytliing to indicate the contents of the 
stomach and the noturo of the food. Other much desired remains 
m'O those of the bison, musk ox, camel, and bear* In addition to tho 
ftliove, collections wilt be made of geological, mincralogical, and 
paleontological material likely to be of interest to the Museum, 

Tho expedition sailed from Seattle on June 26, 1014, and touched 
at Nome ou August 1, since which date no word Iulg been received 
from the party* It is expected that they wLU return to Seattle by 
the end of Septemberj 1015* 
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ADVT5RTISKMEST. 


The object of tlic G£k^ic.vl .Vfi-Kuoix to tin? Annual Report of the 
Suiithsoniun Institution is to furnish brief uccounts of scientific ilw- 
covery in l^artictilar directions; reports of invcstigHlions matte by 
oolluborators of the Institution ; nnd meiuoire of u gcnerul charncter 
or on spcchd topics that nre of Interest or vohie to the numei-ons 
correspondent^ of Uic Institutinn. 

It has Itcen a prominent object of tlie Board of Regents of the 
tSmithsoniun Institution, from a very early date, to enrich the annual 
report ref)iiired of them I'y luw with memoirs illustmting the moiu 
remnrkable and important developments in physical and biological 
discovery, as welt us sliowing the general character of tlie operations 
of the Institution; and this purpose ha«, during the gitatcr part of 
its iiistoiy', been carried out largely by the publication of such papers 
os would possess an interest to all attracted by scientific pnigreai. 

In IfiflO the secretary, induced in part by the discontlnnflnoo of na 
anmial sonutiary of progresj which for 30 years prevlmis hod been 
issued by welMmown private publisiiing firms, had prejiared by com- 
peient collaborators a senes of ul<«tnicts. showing conciaoly the prom¬ 
inent feolnivs of icccTit scientific pittgress in nstronoiny, geology, 
meteorolog)-, physics, chemistry, mineralogy, botany, zoology, and 
unthroptdogy. This latter plun w'as continued, llioiigii not altogether 
Kiitiiifoctoi'ily, down to and incituling the year 18S8. 

In the report for 1380 a return was made to the earlier metJifsd of 
presenting a miscellaneous fselection of papers (some of them origi¬ 
nal) embrncmg a considerable range of scientific investigation unil 
dUciA&ion. Tills method has been continued in the present report 
for IfllS. 



REVniW OF ASTRONOMY FOR THE YEAR 


P, PuriiEUsc^ 

^^/ if/it" .1 '^fn^iKN^icr rtf itrr o/ Pnri^. 


STUl^Y nF I^LuVNirrti JLSn 

Tlic!- kiunvledgi^ of the ]jJieui^mt‘Ziii of tlie globe tlint 

IJ& piiu iis in n. position to interpret nirire i^urety TS'hnt ^ve 
in the cvlc$itia] bodies. The aetrofioinerj who pves to tlie 
finirJRer awd t)ie gpodeci^ft tlie izieons for detenuiiilng Ibelr tlipe and 
preei^ie pocdTinn. ho|>&s sfome dnj to receive siMuu reeeinpensc for these 
services. He k exunitning now tJie fuels wliich come froui the scien¬ 
tific stuiiuii.s e^iluhlistieil ut divei^ Intttudesp One of tl^y Wsi ex- 
iHxrted ftiiioiig facts m a small sinnuiil variation in gefjgrjipUic; 
Iniitudis Tins vsmution httd not been predicted 1»y dYuaiiilcultlworj'- 
It tiling pluc'c OH though ttie center of gravity of our gUdje 
disphuTd rtltemately niK>iit 3 meters toward the Norths and then 
towEird the Soidh Folei- Several explanations ctime to rtiind. liiit huvo 
to be abandoned under closer anulys]^ For instance^ the melting of 
the Ice, taking place iiltertiately oiicli six rnonihs in the regum of 
llie two polc^ acts in the right directiiin. but in urdei* to cormjiond 
with ih^ niiignltude of the observed change^ would Inivo to alTeci 
iiiiLSsc^' of ice very iniprnbabltii in biko. *n\n nit-Tst-favorecl tjpiiiionj 
developi.Hj iiy ibe recent studietL nf Kbiiira, Ross, mid Btske^ tissumes 
thut the isobars (lined of cf|nal pressure) of the air var}- with tliesea¬ 
son. oscillating about a iiicaTi con figuration. There would result, for 
H scrii-is of iftnlions at the srinic hititude^ a variEitiou hi the sumo iimn- 
ner of the M|iiio«5pheric refnivtioii, and an nnnuuk ]>urely ttpptjrtrfif 
ii^fltatiori Would Ikj mixed with the one of 4H0 Jjiys, the ivality of 
w hirb we have no reason for dt>iihting. 

The movements of tiie uiagin-tk nr*?dle show bizarre caprices which 
would secjii to cscaj)i^ all preilictiom However, in a long dC:rit*a of 
nw4in2iy each niagurtie element is seen to 1^ affected by four super¬ 
posed iTiietiiatioivs the pericajs of which on? the da>% ihe yeari, llio 
synodic rotation of the sun, and the sun-spot-cycle period. From tlik 
cojiclutie that the son acts upon tho earth's inaguothmi, not only 
throiJglj the uuef|Ua] heating to which it subjects our gloU^, but also 
through tt dirt«!t acliou, Joubtle^ the restrict^ emisston of dectrified 
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particles According to the culculations of t^jjpnuiiij tin; moon al^ 
[Hles^K^s<!!S this pn^CF in much less ilegree but neverthi.de«® surely. Tn 
it are due several oscillatioits the must iiuirkwl of which Jnis a jHieitjd 
of half [i lunar day. 

We are not yet in the position for studying tJw distrilaition of 
Uiugnetism on the moon, (lot in Inn at toiK>graj>hy we are inakhig 
prngrtt^. The valuable cf^Ilecthm of plates collected at the Olisfirs'a- 
tory of Paris fiirtiidied ilie basis to hv ilurviin of a new -iS-[daLe 
atlas of our satellite* One half of this work bad ai>pcared in 1013. 
This chart 3 less exiiensive and iiiore niiktiageahle than the gmd a this 
of tills iilis4TV3itiHT, ifl well ctmcciveth adniirahly executeth lUid will 
l>w of great vnhjc to olM>ervers. 

The planetoid Eros, which so held tho attention of astronomers in 
1 £KK )3 had at that time surprl^J them i>y its nipid vprintioiui in 
hrightnesii* Now we find tliEit its orbit is contrauling mure tlian we 
wouhi have predicted^ I'here w'ill result fur mure ftivondde condi¬ 
tions for n hew detcrniination of the solar iHinillax. In PKll tlie dis¬ 
tance of this plriiH^tuid from the earth will be decreitscd to almost one^ 
half of tlic snialletit Vidiic reached in 

Tlie system of planets whieh revolve nhoui the sun, and ihv two 
systems of mcHiiwJ which keep compsiny with Jupiter and Saturn, rc- 
spHKdivelyjhave always sitlractvd cjikuhiturH in a seareli for iinmerkal 
amilogues. The w^ell-known taw^ of Bode servty as the |K>iiit of de* 
purtiire for such calculations^, and its as]>ocrt is changixl HUgbtly. 
according 21 weight is attached to the exactness of tlie vcrllications^ 
the idi^nee of discontinuilics, or the small niiml>er- of piii'amcters. 

Bhigg ha>5 made it marked advance; oyer her prialeevtsors, 'mchid- 
ing the throe tserics of de^innom^ In uiio forjiitdii, analogous to one 
whieli connects the reciprt*cak of the wiivt^letigthH in the siwctm of 
aimplc ImkIics. The of this rtdiition ladwetm Biich apparently 

diirercnt sj^lcnm make^ ns fee! that we are dealing with some mystcri' 
ons physical! law Lmpo^ in tlie formntTon of the planets us well as 
fif the witelUtes* Such grcniping midd not lx? the effect of fnrtnh 
tons timl successive aggregations, as the theory of cuj^ture would have. 
It rather forces to rixpiire in each sysU^in n unity of origin, retaining 
the general idea of t he cosmogony of Jjaplace* 

yone of the laws derived from that uf Binle wfiidd have foretold 
the csisteiico of thetlisiant ami retrograde which Uith Jupiter 

and Satiiriii jmssens. In studying tlua^e two exreptiniial cases, which 
have been considered Viy certain authors as irrcconciJable with the 
ideas nf Laplace, iTackson found that these anornaloie! iiiooiLs ccjuht 
be com-hkred as the remaima of n nchulmis ring, the compipnent parts 
of whicIi jwniscsseil confused uiovcnieuts* uml Hiiflicienlly vast to liiive 
expandeil beyond the spliere of effective uttruetinn of ihc phineti?. 
Certain distances from the planets and certain anguhir vdocitlcs are 
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mom fuviH-al^le lo stiibllily nm\ nre just snch ns €4iriTOpoinJ Ui the 
flL^tunties tind ve]<:»ritk>s cif the retrogrude satellites. 

An finalngmis conelusioti is drawn liy Eddington from the statistics 
of the eh-ments of tlift nometsv TIip positions of iheir af>hrliiu i^s a 
rule, ifi'oup oliont two iliixsdicois whirh S4=^in |o depoiid in no way 
upon the geiiei^cil movement of the sidai' svsteim These dtra’t'ions 
rather reveal ihr iliiwl ion of ilie elongJilion of the one or two [>riuii- 
tive img^ at the espensr of whicTi the cutnrts were formed- 3''hft 
short-period coniets form tin rxeepthm i>ossihly l^eetnise they arc 
enJowetl with a shorter longtndty. They arc to lje ronsideriHl as 
revolvini^ hi I heir actual orhits through the intervention of the 
greater planets. Tlius the comet Keitjmin {lOltk), discoveml 
the U\i of Septemlpcr, 1013^ was the thiid memfier of Ihc ronieraiy 
family of Sattim. Tt was remarkahlo for its uLno^t constant stellar 
iiHI*ect. The \Ye.s(phjil comet IV), re found SeptemlHjr 

by Did a van, underwent in Ortolier a consideraiple and uiic^s- 
plaineil decrease in hrightiie^. 

In coinptiri!5on with tlie planets and ihe eitars the rotiiets arc doidit- 
less e[>Jienienil- What lascnines of the matter—tdiiioiLS, to lie sure, 
but in time ahuiidant—whitdi h left in their wake^ EcasenkolF mo- 
fqiders that it expand in the region of theediptie in the form of 
a vast flattenedj Icns-shoptHl iiiiiHis ceiitenxl about the sun and de- 
creafiing in ih^nsity with increasing rlisttincc from the sum All Uie 
wdl-kmown traits of (he zodiacal liglit couUl thns be ex[doined, 
FessenkolT Iielieves that certiun iinKyminctrlcal and diaiigeable fea¬ 
tures which have be*.*n nottMl are doe to insuflicient allowance for the 
effects of atmospheric ubBt^rption, Tlie total (tiuj® of the zmliaral 
matter 13 ^^rtainly very sanidl compared with that of the principal 
]dauei3, indeed com[>ai‘cd willi that of the comets and tneteors- 

We may {^oppose that certain meteors are efticac!i€>iis far trouhlmg 
the surface of tlie sain hi^r;Hisu tliey arc subject to chr^jcr npproaehes 
to it. Turner wns leiJ to adopt the idea, rormcrly held by pI. Herscheh 
while trying to n*pi'eseiit the vuriuhlo frt-ipteiicy of sun spots by a 
series? of periodical tt^nua. Tor a course of years «*ertain coni^tant 
values may be Eidoplctl for the coeflicientii of tlu’se terms, si ml Ihcii 
these values hsive to be altered^ The ciHKdis of all these [ffirturhn- 
fcions. according to Turner, fall close hi the time of the [Huahelioii 
passage of the Tjiuiidthfs, It is true the dishmeo of the Leooidi-*^ 
from the sutIt even at peri lid ion passage, is some wb at unreal oml 
neccssitsitcA recourse to a seconilary sticiim derived tlirough the inter¬ 
vention of some phi net. This theory ftnds^ a certain degree of con-^ 
lirinEition hi Uio (^hincfie Anmils, which n^cord Hudeut iurmiHes in 
the Tiumber of sim simts tU epodis when the Tjeonidea swarm must 
have ptifBsetl ^cliise to 8 aturn* 
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Ib Hie periodic increase in t.fie tinmbt^r of aim spots definitely coo- 
nei’f<‘d wi(li tlia flux of Itent which we receive "from the sun? TJic 
(juujjtion liiis l#en ntjsweml in various senses, imd It inEist stlf] 1« con- 
idJeml as under liLigatjon. The disCTtrdnm.'O of the statistiiis^ when 
they lire not coordinated In point of time, may nwilt from a gene nil 
variation in tlm transparency of the earth’s aLmnspherc. For in- 
stiincp, the greater or less tILlTnsion of volcjmic dust siifltL-es to expliiin 
tiiis ilificnrdance. And it seems quite I'crtalii thnt the eruption of 
Mount Katmai ( Alaska) in lOl'i. as well na that of Krakiitoii in 1883, 
have Iiiid elfects of tliLs nature. At any rate the passuge of this 
atuinspherjc dtsttirhance does not ocenr jdinnltaneoiisly in wUlvly 
sepurafi'rl countries lunl the pandleJiaui of the sf^hir^constant values 
found by tile methods of Dr, Aldwt in <"a!ifonda and in Algeria, 
Africa, prove that very perceptihie variations enn be imputed lo Iho 
Him. TUcfio vnrintions up to the present appear rather Irregldar than 
periodic^ 


I' iibpy and Bnissun have fonml that the solar spc't'truai is tut off at 
the viofet end hy an absorption hind due to ozone. Tlie presence of 
0 layer of ozone, forincil in the upper part of mir atmosphere liy the 
action of ilm itUni-violet Ijglit of tiie snn, is not improbnhlc' It 
woiild in that region Foniewlmt alter the laws of nlflsorption and 
(slightly) alter the value of the soiiir constant, 

Tlip micronietric esn mi nation of tha imniproiis plates ink™ nt 
the Observatory of (Oiina) under the direction of P. Clieva- 

licr, bHowh that the Bim underwent, from imi to HlOfl, a measurahlo 
tind somewhat vnrkhle cfoiigatimi along I he polar diameter. R is 
not the first time that sncti a dmiige him been fiiispected, hut it m as- 
serU'd jjow. it si ems ta ms, with .in imposing train of evidence. The 
mean jthotographic dipiincter sur]siissejf In- O.fl" that which Is goner 
Iilty admitted on the mitlmrity of Aiiwci^‘ An indication pointing in 
the same direction, ri^snlts from the discussion bv Simonin of the 
of the edipfJt of April IT, 1^12, 

The d.Kiuiients ra.snlting fraui the last solar eclipse still furnish 
imileruiT for interesting piiblicatlonB. Father Cortie gives the de- 
srriptton of several limited bundles of rays, each one issuing from a 
spotte. region of the stm and showing marked effects npon terrestrial 
ma^etiam. In the Amcnrnn plmtogniphs of Hie flash spectrum 
biken ftt Darwii m IWa, JldchelJ found tlie whole couuterpniuf the 
rnnnhofer ijjeetriini. Tlie only differences occur in the relative In- 
tensiliis of the Imes. Neither Mitchell nor Evershed aiu disposed 
^ rom^der the presence of radium ns established in the sun's chLio- 

The powerful specirosenjics continue to give numeumsTesuIts r^la- 
tne ti. the velocities ;v[i,ch rule at the various levels In the sun. lint 
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their inU'r|irptHtion is rfiriipJimtetl ujul the resiiltg I’hiijige Bfi-ording 
(13 we eonsider soiiie spci'inl Bpectrtini line or the diverse jjb i ts of the 
same line, h oi* iM'erFhcd the dorninftut fin't is tlift genenil o^cpiiiidiii" 
out of tho niutsTlic vapftrs us they leuve the honler of each spot, St” 
John finds (hat the feiitri]»tul tenilcney again bocoujeH pretlotiiinanl 
above a certain ck'vatiim. The anahifiitis whieli have been attempted 
betuci'ii ptjti spots and eycloTie^ or (be whirlpnols in water I'nrreiita 
g'fve httle fflil isfaftion. 

The (jseeJnling tnovcjnenLs which the speetrfweofw rccoruLs l-owur^l 
the center of tlie tlbih of the sim are not as rapid as the horjxontji] 
niiivf-metita, but it is not ii rmt' occurrence for them to b« act'elcruted 
aa if tile weight was oppoisjfd eltectively Ity a repulsive fuivxi. These 
vertical vdocities, hi every case, are atiflicii'nt1.y great t<t make ns 
consider very haiiardona the attempt of .ScIiuIk to revivo tlie former 
thiwry of K'ircliboll concerning the general constitution of the sen. 
AocorJitig to that theory the sun is Jiipiid up h> tin: level of the spots 
jitif] the latter ore lloating scum. Kveiy difiicnlty is removed by 
that theory rdutive to the existence of ii continuous speotrnm but 
not i^Iiitive to temfienitijn? and velocities. Towler prefers to itilndt 
the exigence in tlie sun of some unknown physitml agent capnhle of 
maintnining certain Ji'fmctory elements iti a pulverulent state at 
tem[S!raiures above 11.000“ C., tlic tcmjjerature above wlildi pyrlidio- 
nietri.' mensurt:#t show that the sun mnst Iw. We must resign oiir- 
selvcfi for a long wtn'ip, yet perhups to see Xatum vise in the stanj far 
raoro powerful suiuees than those at our disposal iii the laboratorj'. 

I>sbtidjv>s and rrA;!nniljnJa continue to devote themselves hi the 
isolutiftn of the light of the central parts of the strongest lines of 
the solar Spwtrum find its iiw in their ,sid(ir photographs, nml that 
ehoi™ ts justified, by the striking oHginulity nf the photdgmphs oh- 
taiiiotl- Tlio astronomers at Meudon, despite the doiilvts raisev] liv 
A, Ihiiat, niuin^in an cssentinl distinction Irftween **filaments” and 
“ ulipieiiients,'* The laitcr, fainter luit more proklngeil, are char¬ 
acteristic of tlie iipiter layers. Tlicy appear as far as tiie greatest 
btitiiHlcB and are imt Jeiicndent uixm the Schwalie cydo. 

Tlio existence of the Xectnan piionomenou at the hni tier of the 
Hpots, shown by Hale, as we know, has fumkhed him with a means 
nf iueasuring the local megndir fields, IVr see no oliier probahlo 
origin for there uiugnctir tidds ex«:pt the motion of dectrifieil par- 
ticlra, but one w'ouhi fnipposj timt deetridty would lie conJuettsl 
With great ditllcidty in us rare a medium as that whicli surrounds 
the sun. This objet-tirni has lieen veiy nmeh weakened, allhough 
not niilJihetl, hy the recent experiments of llarker. wlio found that 
a ninfied gas liecomcs nu efFectivo wmductor for dvetricity in the 
neighImrhoofl of a ixxly at u very high temjierature. 
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Tlic observati>r 3 " at GrtJCn’^vich has uTukriaken the Usk duririg rC' 
cent ycni'S of llie rCfltHi^rmlimtlo!! of the pretdse ptkrftions of till tlie 
brij[^ht 5 tnrs iif tho eon»ia horejilia, i^nrs silrcjidy iiicJutie^l hy C^jr- 
rirtf^toii in a eatiilogije which is now half a i'entury old. \i hsis thus 
l>erotne possitdp to study mul classify a ^vat iuitnl>er of proiJCr mo- 
tions* The disiciission made by Dyson gives a result fn corn hie to 
tfie vipwfi held by Schwar/jicldid that the existence of a single pref¬ 
erential direction for slclhir iiiotiuns is prol.viible^ In measure os 
we (!OiLsider a direetioti diltering from this, tlie mimlicr of stars 
having this different dii'^i’tinn Eliminishcft regitlarly. From the 
lation lietween the hnglitm«s i^f a star iitid its Eippareiii motion, 
it may Iw deduced that the distribution of atiirs in spam is neither 
iinifnriii nor fqrtnitoiiSL The greatest fretpiency Ls found in llse 
constellfltiiJii nf (reniini at a dkturu'C whi( h is sniall comiuireil with 
the dimensioiLs of the Milky Way. When we depart from tlius ^reiitral 
region the fm(ucnoy of the stars diruinishes without limit, so that 
we may speak of the stars visible in meridian liisLrikmeJits as n 
limited system of didkiite structure^ 

Aiialogf>us conclusions were derived hy Eddington from the stiuly 
of the ciitalogiie of in which are collected the most aceurate 

data epneeming the bright stars in all parl^ of the sky. 11 in espe¬ 
cially in liigh galactic Inijtpdcs that the density, is fopod iti deercaH? 

markedly* W'e iimst thcrefure regard the st*ars ronnectcil with 
the ^lilky Way^—that the great majority of tlie visible stars —hh 
forming a glohidar ■cluster u itli ]i veiy nuirkcd nattciung, 

\i each point of such a elin-tcr the Kew'tonian attniction must pitj- 
duee a liehl of Tonfre. A star. olje<lient to this field of forte and 
sensihly untroubled by neighboring bodics.,^ would etmipltlo ite revo¬ 
lution about the ixuitor in w I Mint BOOjOOO^Ofkl years, and we w’oiild 
expect a ilefinite, dominant direction in each region of spai'c* 

The resi^afrlies <if L. ami of Messrs, IIert3t5?pnmg and Plum¬ 
mer have definikdy revealec] the existence of stHeral groups nr fami¬ 
lies of stiLts-, all the memUa“s of which travel with tapnil and paralSel 
veltK'itics and having a yet further kinship in (lin character of Ihelr 
sjiwtra- Tliese Ktars tlin$ pniiitu've a trace of their cuinincm origin 
oiul move freely or under the action of ii comuiiin fiehl of force, ami 
resiTOhlie very little the final state of UkIic^ intermingling witli 
diicrse vebjcJlii^ It is therefoi-e necessary to uhandon the com- 
purbfin of the Jlilky Way to a gaseous mass where the velocities of 
the molecules result frcim multiple cullisions in every directlMii ami 
with velocities showiugr detinite rcliiliunship to the massear but 
no regularity as to dilution* Jeans, starting with the stellar drnsitv 
cahiululed as existing in the neighborhood nf (uir sun, has found 
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Lhat the dbpcKiinin of ii swami* forni^K wotihl m^nin^ hilliortK 
ijf yviim —ii tin^D unieh greater than the prribahle life of a s^lar aa a 
bright £itsir> 

KriiulLH well worthy of alteniiun Imvelieen oht^iined lately through 
llie fortuuiioJi of iiiblos having els iieadinge tlic priiieipal diaracter- 
cif the tstcira* spfu'tnini cliif?s, annual panillnx, magnitude of mo- 
tiirti. iatrinfitc briglitness. Thus* CiimpUdl has shown that the white 
sitiirs (A and U of the Hiirvjird elassififation) art* mort^ rmmerons than 
(idler stai^ near the Milky Way* hare small velocities, gnait distances 
from Uie ann, and great brightness. Tlie red stars are. on the average^ 
iieajxT tlie Kun anti liave gnaiU-r velocities* There is rt^asnn for con- 
elinlingt nretjrding to Strattim, that the stars have- their liirtli ekw 
to the plane of the Jlilky Way and depart fn>m it w’ith time wdth 
inrrL‘afiing rdoeitiesu II. N, Bussell thinks that he can go yet further^ 
laying stmss tipfiti the fact that statintics separate the nnl stars into 
tw'Q —Pile milch brighter intrinsirally tliiiii tlie snni and the , 

fatliera liecidcdlr fainter* The fonner (grant stars) arc advanctal 
in their evolution* Their destiny is to contract* and consequently 
become warmer anti whiter, ]«^ing in ewj^ and gaining in velocity. 
They again liecnme red lieforr their fitiiil extinction* These correla¬ 
tions are valuable for guiding researches, but it will without doubt 
be necessary to wait iiutil their degree of generality is l^cttcr i^stalj- 
]i.she(L 

The existence of a particularly close analog)’ l^etweell certain stars; 
and the sun results frotii the wru'k of Llie obtservers at Potsdam. They 
have found that m the siM^ctra of Arctimis and Ahkdiaran we can 
observe the partial reversal of the H and K lines, that is to say* tiic 
formation of a brilliant eentral line in them such as those seen in the 
troubled regions of the siin. 

The category of sx>eetroscopitr double stars,, enrichetl I'Ontiniimlly 
by the work of the Lick ftn«l Allegheny observers, presents un the 
other hand a phenomenon of whirh we find no analog)' in the Ram, 
We know now- severnl iaidam^ of the fact, notwl first in 3 Orlnnis, 
that the calciuin lines do not follow the iodic oscillations of tlujsio 
due to hydrogen and helium. Piissihly clouds of ralcium, uncoruieetcd 
with the filers, are interpos^ed in the line of right Tn die f'eplieid 
varintdciSi comfJEired with one another, ritideiidorfr has noted the 
existence of a propi^rtionality In^tween the ainplitudes of iho varia¬ 
tions w'hlch the hriglituess and radial velocities n^s[>eclively umlcrgo. 

It will lie useful, in order to interpret these and simihir laws, to he 
able to reach greater precision in the mcoi^iire of faint magnitudes. 
AH methods, in wldoh the jndguient of the eye is utilized, involve a 
certain ioat^eunicy of pliysiological origin. Attefiipta are l^eiug made 
to suiMi£iit(! for the operator's eye an apparatus of rigonmsly ini- 
pet^na] ttieastires, Indefatigable and of a superior sensitivcrieris* 
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StobbiiiH iL^ for this piirposo the viirinbk resishinoe whirh aelpnium 
fjffpi-H lu the of the elet trical ciirmii tvUeu the f^eleithtni is 

tiioro or leas exposeJ Ui UgliU Btit tlie refsiilts do tint appear to lie 
fc‘egiiUr except ^lien the scleaiiinj Js hept at low tfiini>enitiirea 
iie^sj's, Elfiers Gcitcl, nml < luthtiiik Inive utilized the pmperty which 
ceilatJi ulkaline nietaK sstaili ns si>d]uni and caiotiim^ offer of etaitlingj 
under llie mllucnf^ of UglitT. corpuscles ejipablc of acting iipon^an 
electromtier. They have llius obtameil a sensitiveness of one part in 
thousaml in esliiuuting the brightness of fednt stars. 

The pliotugniphic study by Prnl Baiky of the cluster 3 

luui whow 11 the existence in this single group of IB7 variable stars, all 
of the s^iine type and having |>erJofk of about n h:tVf a day. Stars 
showing such rapid changes are rarely found outside of clnaterij- 
Tliere has, however, mean wink been found a new ei^anipk in the star 
ItTt LyTie* investigated by Kiosa. 

In order tn establish a homogeneous systenv of inagiiitude^ in a 
photographic catalogue there hnw been used with suc<^ at the 
fGreenwich Olje^vatory a diffraction gratjiig formed of metallic wires 
stretched the fiont of the objei‘tive of the telescope. Each 

star then fiiriiisluis a central image with a series of scf^fuidary images 
on cither side, Tlie ratio of the briglitness of the suceess^tve memljers 
of each sericfs can h& cakuJatcHl with jirccimon if a microinctiheal 
situdy iti made of the grating and the widths of the wires and spaces 
are made very uiiifomu Each bright star thus will give in the field 
of the tek^'ot>e a s^atk of luagnitiides to wdiich the fainter sUirs may 
Ito refi^rreiL itessra iliapijum and iMelotte have thus able to 
make u couiplcte ca.talogue of the stars down to the fifteenth magiii- 
lud^! and w ithiu a mdiiis cd 27/ of the ]K>le. 

The exiiniination made by Tie^Tiolds of the distribution of bright- 
in the great Andromeda nebula makes it seetn im though a great 
ptart of that iiclmla's brightness were ^liie to a ot'ntral star too mvel- 
opc^l and obscured in the diffused maiter for us to see \L Iii the 
Fpctiniiii of this same iiiebula, generally held to be eontiiiuoua wdth u 
few abs4:»rpiioii lines, Slessrs, Fox and liliix Wolf have found bright 
lim^ nil J in the spectrum of the 'Wolf-Eaycl starst characterised by 
briglit lines, ^Iiix B'olf finds also the Jiui!^ of giis)cous nebulae. We 
am thus forced to Ijtljevc that bright Vmm are a general chiiriideris- 
tie of true nebula^ which do not ahine by refiected stellar lights and 
that the Wolf-Hayet stars show n transition type lietween such nebula? 
and ordinuTy stars. 

Ilow' is the evolution from one to the other effected? Niehulf^n 
has triiMl to determine it by n stihtle analysis of the numerieal viilues 
of the wave lengths. Tlie only terrestrial eleiuenb^ known with cer¬ 
tainty as existing in the nebuhu, and accordingly in the Wolf^Rayet 
stars, are hydrogen and heliunn Tlie other fines which are in the 
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apectrn, nnd us yet unreprodiipilile in the Uiiioratoryj are distributed 
in series, lUid the structTire of these scries allows ns to iittrihntc Ui 
them modified forms of these Minide elements. 'Fhe passage Ukei 
place ijy cUscontinuons steps, corresponding to .suceessive whole nnm- 
liera of elcctrous. The transnmUition of the nebtilu into the star 
results less fmm a concentration of rmble matter than from new 
intFHatomic ctmlignrations, the reverse of that which radioactive 
mutter undergoes in our laboratories and which hiut helium for Us 
final product, 

Nicholson,, faithful to the traditions of Laplace, considers the 
nebula os tlie primal form of matter in preference to the st^r, which 
seems to him on the track toward a more complex stnictura. One U 
temptml to regard the reverse route oa probable if wo consider two 
incontestable facts; Tlie practical irreversibility of the rmlioactive 
transformation and the constant evolution of new stars toward the 
ncbuloiis state. The artifiriol production of the nebula Bpectinitu, if 
it ever lieoom^ possible, will of course throw li^it upon thie problem 
of the ntmost importance to cosmogony. May we live long enough to 
Lie witneisscs of this .conquest, the obfect of so much of our striving! 
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THE IITILIZATIOS OF SOLAE KNETiOV.' 


tSjr A. S, E. Al'lUiaMA.i.'*, 

It. #fc* 1. r. tf. f, 31. Ptmn. h\, I , if. tuiit, It. 


IWItft It pliitiii.l 

As it 1 1 UK Ih'cli jtuttly saltl tliat tlic ]>liiy of FIiiiTiIct witiioul tlio 
rrini'c of Dictiiniu'k iKsoniewbiit iltiU, jt will iia wpJI tn (k'voto 

a kiv wui'iIh to tho prinoiiinl in'lor in ail ecliemi^ for tli<? titili 7 <ation 
of Boltir t'Jiprijj’j vin, the Kfin, He ts no longer iTgnrJed as a iJioriKter 
fire, burning in this njurmer of firea hi oiir gi-rttcs. ftraiit iii^ Ik his 
miLss, it won hi Iw cornpunitiTOly mpitlly ronsniiied if sucli eombiistioii 
taking pturi'u Another reason why this old idea was given up 
is that the temiJeriitiiro of the snu has been deteniutieil by severa! 
exporinjeutei^i, and all ngretr tliat it is alwint 0,000* C, Tliifi is far too 
liigii to pennit of the formation of most ehemiual compounds, and 
for the prodnetion of heiit Ity fuinljiistion it is necissiary for such loin- 
poiintb to Iw foriiusl. Briefly, such a temperature decoinpoaos nearly 
all comjiotinds into their elements and prevents thetr reuniting and 
the rni)Hei|ucnt production «f heat. 

Scientists are by no niesins certain how the sun s heat is prndm'Cfl, 
but ono theory is tliat it is due to i-adionetivity; and another, dim 
to Melnih(iU:s, that the energy- to keep up the mdlatioji could lai aiip- 
plicil Ijy a relatively mieroseopie contraction of the sun's volume, 
Ihoagh even this theory is not it t-omplete gryci-eES. as it implies that the 
age of the sun is 17.01 H>,000 years. Great ns is this iapse of time, 
gi-ologj' indicates that our earth is consideruhly older; but ns tlie 
earth can not very well Im older than the sun, we miLst conclude thiit 
the sun is older than lT,OOO.f)fK) yeurs. 

As to whftt the striielure of the sun is there is ahio doubt; but the 
inner portion is spoken of as the nucleus and the miter portion as the 
atmosphere, mid as the outer layers of the atmosphere get relatively 
(mmUhI they sink to a lower level, and their place is taken bv hotter 
layers. Tbiis the4\? is a continual circulation of the sun’s utmosphere. 

The spei'ific gravity of the sun is only ohont u quarU-r of that of 
the earth, whoso spec!fie gravity is fi.53, A ciihlc foot uf water wcIghH 

^ llr|iHntr4. bjr iHrutitsiiiEk from tiK Journal ®£ tbe JlcpfiJ uJ Artu, trcintlofi, 

April ^ lUlS, 
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iV>^ pouruls* SI fill lienee un it vertigo ciiVijc foot of the sun weighs 
pniiml!^ while nri iivi.qngiG enhio foot ttf tlie eEirtli weighs JMy pounds. 
For i.v}|ii|iiiriison it inny lie mentiuneJ ihut u tuhio ftH>t of granite 
tveighs 105 ijoiinds. The Eleiuiity of the sfiii briiig so sinulU it ia 
i-utirliicled Lhsit it ran still go on eoiitraeting. and hene* thal it b 
]irolijibly getting liiitler iiihteaJ of eoolcr^ ns is poimliirly siipposinh 
If thb lie It isji hoiwful feature for fniiire workers m the field of 
solar energy. 

The ilhLineter of the snn is tiCa,liW inilrs, about one hunfireJ 
Limes the din meter of the Owrtlit aotl an earthly pound weight sit its 
surf nee would weigh 1^74 fioiuids* The glowing Hiirfaro whudi t!to 
sun pn^'iejit-s to us, eveti rousideriiig hi in as n lint disk, htis the enor- 
ruoMS area of 585.750,OflO^OOO !ji|Uuie miles, each Si|iiure fool of wliieh 
rmitis the eufii'mcms animnit of uliotit ]ifjri5«[>oweiv aiul the 

riidinift enerj!^^ nwivivl nt the outer surfaits of ihe carth^s ntiiiospheru 
is equivnient to TJ^OO horiiepower per acre, <if thia iilioiit 70 jiier 
ceut (saVf 5.^'MXl horsepower jwr tine) is transmitted to the land sxir- 
faiw of tlie eailli ftt nnoh on a eletir day, mid leas in the morning and 
evening, owing to the gmiter iliicknes^ of atmosphere Uirough whioh 
the nidiation liiis to puss. 

The quantity of suliir heat l>er unit urea w hich aiTive^ in uidt time 
ut llie outer surface of our atmosiihei-e is I'ldled the solar eonstunt, 
and its value, as ilctcnniriwl in lOlJi by C. f!. Abbot, uf the Smith- 
son iaii Institution, lifter tiiaking <5[H? experiments in different parts 
of the glolieyis 1.0!) calories ]ier sj|unre LH^ntimeter jier niiutite (Li|Ual to 
T.12 K. t. in piT sipiaiv^ fiiot j>er minute). Its value given by various 
exfjerinieutorw lietw^een 1S81 and lOW w'lis considerably hlglier^ and 
this makes it nil the more iiemarkabln that John Ericasemj iha engineer 
and iiiventur, who spent some ^OjOOO on experiments witli sulnr 
energy, when wTiting in 1876 it m-ord of his Ufo's work, guvu tliu 
value of the solar coiu^taut ns 7.11 t. m jicr feituEire foot jier ijiiuute 
and said, ^'In view- of tin* (Tunpletcneas of the ineuns adupied in 
meiusuriiig ih(^ ciiergi’ developetl mid the ample lime whii^h has ljc«n 
deviucd to tlie determination of the tmiximuiu inietisUy^ it is nut 
piTihalde that future hdK>r:^ will rhaiiui' the re.'^ult of onr deter]iima- 
tiou," ami as shown iilKivCt his qtmfidemre was jiislificd. 

Perhaps the mo^t remarkable things filwiut solar nuliiition are that 
it pnitecs thi'ungh lUc !hi<KX).000 miles (l^OlK^^ono i&*i,740 a duy for a 
year) of space hetwmi the sun and the earthy the tcnipt^riitiire of 
\vtiic;h is nearly iil»si>lute Kt*ro {i, c*, it is alx>ui —C. ), and that 
only thiw-fiftliK of it prtaliices any impression on the eye* It is not 
till the radiant energy im]binges on some material hoily that it is con- 
vcrii^l into heat. The liest IhmIj for causing ifpch conversion is a dead- 
black one. 
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The B^iscirptioj) ot acrluj" enei^gy by tl^e atnioi»phvre is nhpiit 20 per 
fxnt grenter in suiinner tiiau in vrinter. Thi<$ may \ie due to there 
bein^ a larger total quantity of water Tapor in the ntmiKspli^re in 
Eunimer tlum in winter. It has long been knowTi that the grojiter tlie 
humidity of the atmosphere tho greater the amount of heat stopped 



by it; but the author believes that lus experinients In Egypt in 1013* 
with the Shumiin-Boya sun-power plant, the liret wliich c(e* 
terniiniK] the quantitative elTidct of humidity^ ■especially on eo large a 
sralc. The curves on Hgnre L necortl tlie results^ frfun which it is 
mm that when the bujuidity decreased 20 per cent the quantity of 
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Stcniii incrcji^l nl^nt :i(l per tn-nt. tltiis sbciwitig the grent impartunre 
of hiimitfitjr m conjiwctioQ with this subjccL 

The grent jwsaibilitles of thb field of work, nnd the ohvi.ms fact 
tbnt thera a limit to our siipplk-s of r(Mil um! oil. have niitiirany 
utlrueled tunny workers, of wliotii tlie following is n ihrmiologiciil list 
Soiuu of tltem, Intwever, liiiva not Iwtn engsigrd in the iirtictii'iil 
iitilkatioii of (sojar energy, hut in determining tjie solar etmstimt and 
atinoKfilieric alisorption wliich tell us the tlusiretn-til iimiutity of Kent 
uvuHiiilil^ fnp- piiwer piirpoijtH. 
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Now, akkoLigh the tlnKinilical power viilne of the heat rradiing the 
surface of the earUi is no less than 5.(KJ0 horscimwer per acre, it must 
not Iw thought thut anything like this iiiimunt laij lie cotivertcd into 
meirhamcJt] power any more than can all the heat of coal be ixmverted 
into Its theoretical eimivuknt of tneclmiiR-al power. I'or c'tiimple 
the heal i-hlue of gr«xl anal is abont UdltJU B. t. «. jier pound, e..n«| 
to Id,<1,0 horsejmwer hottrs per ton, but in fact the best reanlt, eien 
tinder tei>t conditions, over obtained from a tun of coal by means of a 
boiler and steam engine is only about 1,470 brake linfsc|x,wcr hoiir& 
or u.i> per mit of the heat value, wliile in the ca* of n gas engine tho 
coniesponding figure is 25,5 tjerrent, and of a Diestd oil en^ne 31 rwr 
rent. The chief loss is in converting the steam into tnechanicu] eiiorgv 
and most of the loss is inevitable for tlierniodyaiimie reasons. With* 
this fart «i mmd, you will not l« so surprised to leam tliat the beat 
overall thermal cdiciency olnamed from the Shiiman-Brors plant b, 
Lgypt wns nniy 4,32 i>er cent, the chief reasons for this Wing U initcb 
Jess than IL;> i>er cent bemg that the steam pressure was so low. nml 
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tliEit tlio licst efliciency of tbo ssiin-heul iibsorlH>r was ^mly Myd per 
compEirecl with T-i per (?Gtit for the best roabfireil IktiIit, But it hm 
tEikeu lioilemiaker^ iiinny years tu attiiiq this eGS.cieutrj% so ilmi 40,1 
per cent is not n Vmd result when the uiiiul^r of sun boilers tl'int have 
l>een mnde is taken Into account. Thermal efKeieneies of endues are 
luateriully aJfecLeti hy tlie beat fall of the steani^ jii&t as the efIidencU'S 
oi water turbines ore nffet;te<l liy the beiglit of the waterfoll. The 
larger the fall iti eittier vus^ ihe iH^tter the eftieieney. 

It is inter^tiiiff to realize fvimi the foregoing Ggiirea that tlie value 
of 2J acres of bi'igbt siui^Lne for an hour is 1 ton of coaL This fact 
is nion; readily reulized in Eg^ pt in the summer* IVith tliis we liiny 
comjiai^ wluil ilr. J, C- KsiwLsIiaw Kiiid in his presidential adiires^ 
to the Institution uf Civil Engineers in 1902, tik, that the wood fuel 
produced nn acre of bmii iii Europe is equi^^alent to at least 1 
ton of coal a year. 

With &o much heat generated at the surface of the eurtb it might 
be thiuight that the ieiu|>cnilMre of the cartb would rise. So it would 
do were it not for the fact that ilie earth radiates into space as tuucli 
beat as it receivesTtltoiigb s^uiie of it itioy be stored on earth for a titoo 
in the form of vegetable growth (inGluding ctHil) or water niised to 
high levels. 

Coal IitiH lieen culled ’"btUtled sunahine^''' liut the cork of the bottle 
must be a leaky one, for Abbcjt says (The Snn^ p* S^tKl): It Eipi>eara 
from such investigations as have been made that plants may store up 
us rhemknl energy in round numbers I or 2 per cent of the energy 
of solar mdiiiticin which shines upon their leaves,*" W^ilh regard to 
the earl Ifs own beat^ it has been estiuiatial that the continuous supf^ly 
oondng from the interior to the surface is e^piivalent to 1580 horse^ 
power per ^^quare mile, or only 2 bor^wpower per aerc. 

Having now considered the nature of the ^nreo and the quantity 
of heat uvnilabk^ we will give a brief description of the plants which 
have been constructed by various e^viJcriinenters for the puiposc of 
utilling solar heat. They fire given in chronological order as regards 
their solar work so far as the author has t^ecn able to discover the 
facts. 

At one stage the niiUior thought be btid dLscovered the earl lest 
worker nt the ^nbjiu^t when bo came eeross a record of Sir John i ler- 
Hcbers esperiments in 1836. but further research disclosed that Biif- 
foil, the celehrated French naturalist* was at work in 1747, and on 
April 10 of tliEit year he succeeded in ^tting fire to n pltink of tarred 
wooilj lit a distance of 150 feet^ by solar mys reflt'ctcd from a eomliinn- 
tion of Hat mirrors. He did this to show the posmbility of the legend 
that Archimedea set fire to the fleet of M&rccllus at Syraciifle in 

212 B. a 

1801S*—&M 1015--JO 
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Other early workers were Roger Bticon, an Rnglish FriuietM^n 
Jncmk, who died in 12(14; Solomcn de Cuuje ( 1570-1 (iSe), n French 
engineer, who, in 1615, invented und describetJ tlie first machine for 
raising water by eolar heat and the o.vpansion of uir; Ducarla ; and 
H, B. dc Sfiiissure, the Swiss geologist, physicist, unc] naturalist, who 
made (in 1787) the second ascent of IRunt Blanc. To de Saiissure the 
credit is due for inventing the hot Ih>x ” (L c., an insiiJntcd air-tigiit 
wooden box, black In^drle, and covered with two layers fif pin in gloss 
with an airspace between them), which hns since lieen such a fovorite 
with nther workers. It was he, too, who found that a cover of two 
slieets of glass gave the best results. 

Next ill the field was Sir John Ilenwhel, F. E, S., who in if)S7 t<Kjk 
the temperature of the surface soil near Capo Town, und for dry earth 
recorded teioperutures varying from 120* F. to 163® F,, the latter 
having been obtained on December 1,1837, at 0.S6 p, m., in a sand heap 
shelterefl from the wind in n small gurdrii incltisiire, the soil being 
moist 3 inches or 4 imdies below tlie surfaw. 

He also exptrimc4ited with a “Riaall miihoguny box, blackened 
inside, covered with winclowglatH fitted to size, hut without putty, 
and simply expo^rfd perpendicularly to die sun's rays." In this box 
he recorded u tenipenituie of 152* F., hut “ when sand was heaped 
around the bos to cut off the contact of cold air, the temperature 
rose on December 3, 1«37, to ITT® F. And when the same box, witli 
its inclosed thermometer, was established under an external fi-aKic of 
wootl well sanded U]> at the sides, and protected by n djeet of win^ 
dow-glass (in addition to tlmt of the box within), the lempcnitureB 
attained on Decerulnw 3, ISST, were— 
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and that with a Bteady breeze sweeping over the spot of exposure. 
Again, on December 5, under a similar form of exposure, temnera- 
tureg were observed: 
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Jl, 1837, et nil of which, nfti'r ii hnkRtk uf wijh! founil 

pcrfcctlj* tho renilorcil liAril iiiiJ [Wfl'dvry Lo the ceiitor ' uiid 

«n ODL* owittlaD H vwjr rcsqwtahlc 8t#w uf niwst unil M^hTtnbles Wii 4 itw-jinnsi, 
ami t^atub with ro amiill a-liHh l.y Uu? «^iiterfiilu(,-f! byistHiidprK 

Sir John then Uewi-ibecL hi$ method of dotermijiing the soliif cKin* 
Etant hj? mcims of a tinned iron vessel inelies diiiiiieU'r, tind 2.4 
inches high fiUed with inked water, u|Kjn which he allowed the nearly 
verticul rays of the sim to play through ii a.024-iach•diameter hole 
for 10 minutes and imtcd the riae in teniiierotune, of courso allowing 
for enoling lasses. 7’he tneiin of eijs Mpcrinients, made hetwoen De- 
eenibcr 23,1S3B, and .T«(niai 7 0,1337, inclusive, gave & rise of 0.38° F. 
iwr niimtle, the qnaniity of wafer heing -l,fi3a grains. Allowing for 
the obliquity' of the sun s ntys, the mean aitia of the iiuruad crosB-sec- 
tion of the beam of simUght was 7.01 :iquare iiicbea. From these par- 
ticidare wo are able to calculate tlnit Ilerschers value of the solar 
rediatloji reaching the eurtli's B0rfn«j was l,3@ calories per si]tiare- 
contimefer-iiiinufe', while if we assume die coefficient of atiuospheric 
tmiismission to have been O.iO, his value of tlie solar constant wtis 
1.D8, agraeijig adl a'itli l.Oj, the value now iicccpfetl os correct. 

From these e,^periiiirnfe he deduced that a fylindiical roti of hre, 
+5-3 miles in flinmctcr, mid of indefinite length, continually dnrtcnl 
into the sun with tlie velocity of light (186,000 miles per iwrond), 
would barely suffice fei employ the whole radiant heat for its fusion, 
without at all mincing the temperature of the sun. 

For compiiriwn wit], JlerschelV siind temperatures recorded almve, 
the aiitliur gives tlie following eimiiar readlnf^, which he obtained at 
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Almost rontcmpomnecms with the work of Horschrl wni* tbiii of 
M* C* S. AL PoTiiiMet, n record of which, on the determination of tin? 
.solur constant, npircars in Cocoptoa Ecjiduif, Vol 7t pafen 
Hh valiio of the &olar coiiatniit wa^i 1.TS3 calorics per stjiiare-cciiti- 
incter-minute. 

Carl tiriiitJtcr waa at work exjicri men ting witU refliMitora hi Lai- 
bntrh in 1854^ ajid in l&iS he exhibited one at the Vienna Expo^itioiL 
Criin trier wTote in the Seientlde American Sii[>plement of ilav 2l5i 
im pages 2ii, 405^^112: 

TJiJa rufli'Kilor tlie HlsnOTaDtagea erpmoHja to all KiiPct-wieOi! 

refleeaira—tlitit tu nuiJntiala the PTirfai'r la iiri:iiK;r coDiilttua when i-irHs^j to all 
eurtA of we^itljcr can^tnl nrnj ctwlly aLteotloiL 

HeSiijf ixpnvllice^li tniwevcr^ mat Uio ejEplDlialEoa of suTar bciil wtll o>tuc la-ore 
and asore Lnlo to^c» la of the dlmavnniJiaei^Eiii piTimllrlty of tbla 
Kian.'eof wnrmtli, 1 niii-c inlneu Ua^ trouble to pul ualtle Uiu vi tl iiiennuaed aln-ivc 
niitl ovprtoiuu It Ly iia entirely nvw mcLlioa of rtillpolor t'uafltnictlon. ‘ • ■ 
TblK pljiiJO rcOeetor conalsta of u lar^o nuiuliCT of louil. twirrmv mlrrora ptm'iHj 
at eullaipli! UlwliiaLTS from one anotber^ eiml vibkbp wtieii upcio level atoimil, lie 
|a;trillp] wlib eacli oihvv ]ioiiiioubill>% eittetallai? eltbcr frotn north waa south or 
frtpni wiHt lo wewt. 

Each one of ihi'tm lulrcpra revolvcij ulxjut u liorlstoutnl axis, uaj bjr nveaiui of 
a aliupEe p4inineEo]rraa] uiuLloa uaiy lie mailc to follow the nun la meh n maniit^r 
that all llie pniii H mye family Uj-fii llie piano mlirorfl nuTiy U* n'iletawl on iIig 
H urfnrtf of a tutni or Iwllor, the loui: ails »?f wbEcIl Hen aJ*o In the rltiTii' of Uie 
mirror ails * * *. By a Simple uioveiiiriiL of a himd Iwer, all llu^ mirrora 

may he tumiMl tlirouit^ ore of wlndi mvnuH that all tJic 

mirrors tmj iJms tw tnadc to look toward the j^mniid ami be la tlila way ptv> 
u-cttil fttitu Uiii'dt'sitnjctlre aeUoii of auiiilca fiiLla of ImlL 

lie claimed tliat tlie reflector could lx* made ot a t'ost of 8a* fid. per 
^jiiure y»rd of rviUrting surfni.'e, and tliiit it mjiiired “Ijiit 200 square 
ft:>et of surface to ^rivrato steam sulGciclit for 1 Jii>j-siq>o%vor.^’ He 
proposwl to constnK-t tho rofl Motors of tliin cornig^utcd stod plates^ 
faced ^vitli lead and then eoatet! with tin. 

Ueaci) It la ui-tiisjiufy to ulecDver me value ot f. (ilie jitiM>unt of o-scftil iHat 
dljtpeiiBetl per Unit «f earfocc pot minute) itbieb alTonls the tialt of heat thnt 
euu be luiide available for effei-tlve tervlce from a Hiiiare foot of catching ear- 

fatn5 JulautfL 

i1c[»rlvcd yf the cTCjwricjKx* of any fonuor cip^yloicatEr la ililKfilrwtlua. 
I mysett iHialc nppraprUito trials witll roOcclyra ■ ■ The two O|4»oriia 
BkltF, mvh 5 Ivei loap. of a wood rieht nnffQlar fra mo, hnilnf? w wldtli of 1 foot 
Atid a of 3 fwt llol]ow«l out to i-oireBpond with a prvvlnuftly ile- 

uf^ed pnnitiiilk- tc±altLiiip, and apoa llii; pnmlmllc airr® thua lesiikbEEshtMl two 
Elieetu of white tin were ndlltsL Four sapETortB. which were fnBtcned to ih^ 
aides of the frame, carried u 3|-lncb tube cnHieil !□ eacli a miLaiier that Its nils 
coLueldod with the hurtling mis of the mll^-tor • • *, Ttia i-fttchlag surfiicjo 

tu^ist^atod a stitwrfirini nrt-u cfiual la 3 pquuro fijtrt • * *, The Imller was 

iKit Iuee^*«! wUh glass or niiyiliLtig. 
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He then gives a table of ftnir tests of one bonr vurying frcnn 
9 fi. m. to 4 j>, m.i nnd goes on to sav: 

From tlipsft oiperluientH It Imji ile^lucecl thnt the pt&HAttnt of hent gli-eii 
ofT per Rfiimre fotA per miouto La iiJ>dPUt to JJ* liiiujor) rat^irEi^^ Cet|UJil to 

2.4 mliiur tnJorl<>s per wiimrtH>eriElmeler-mliiuto), our eobo rprotmLlj 

loilbueh, AtiHirlab theUp the imn^n vnlue of r tnso' In? set Ocnvn itt 1.3* 


Tlio wort of Awgi]^ ITouehot in connect ii>n vdih tho utilU^niion of 
solur energy was iscrtflinly of gtfat imixirtatune, It is recoi'dpit in his 
book ciititl(‘iJ ** Ijii f'imlfiur solnire At les Ajiptinitions iiuliistrjoliiia,'" 
secoijc) edition, ISTfl; but, ns with other workers in liiis field, Iiti gives 
eslreniely inejiger iiiformBtioii tis U> n.'siiltK of cxperimeiitit. 

^ Almirhot etartod his soJnr work in ISfiO and took out Ills first potent, 
iffi, 4S,622, on AFcirrh 4, ISdl, In the first edition of his iilmvc^niiniedi 
work (p. 231) he stated Uiai 11 leortdirally, fin an averitge, srpiafa 
fvrt of relbirtiijg surfaee are m]iiiiKJtl for J horsepower. Then, to 
allow for luissL'S, he doiiblvd tbr aivo, thus making it 172 S(|aai'o feet- 
It is to bo iiotetl llmt he referred to refieoting siirfaw nnd not the arcji 
of radiation collected, which would almost certainly bo a smaller 
(inaiitity. 

On page lOo he deseriliod one of Ida boilers as liuving a eapneUv of 
aj pints- It consisted of two cylindricsd com^mtric copper vessels 
with lioiiied tops and tbo w'liter simcts between Ibein. Tlie vertical 
height of the outer veawd wtis 10 inches. The boiler was coveml by 
11 ImjII ghiHJ and jdiicwl jit the fwi|,s of a reflector. The wnter boiled 
in one Imiir fifitii nn initial tcmpcratiii'e of SO” K. 

Ill August, Emraniop Nitpoleon ITT of France saw Afouchot's 
Em solar engine at work in Paris, and in 1872 Moucliot (with the 
inunetnry as»istan<.4i of the h'lVfneh (lovcmnicnl) ooiLstructed another 
sim boiler. This was descrilad by II. ftinionin in the Revue Dcs 
I.)eux aiondes of ifay 1, 1876, as follows: 


The LmvoJpr who rlHlta tbo llhratT flf Toam wwa Jn ffio coitrtynni In frrnt n 
rtmuBL-loolflnw aiiiwmtUK, 1 murine na liuoicni«> injavtiUid voiw- a nuiuaiwlli 
lamp sLb.Jp. wJlli Its ™hnivltj- tUretted nkj-wartL llila npnimtiiB ts of eenner 
eufltc^t oa Uie in^.W with thia sJUer leaf- On ihc aiaall Imae of ihv iraa^ 
i-nte.! eoiu? nvts n enpinpf ryUmlcj', lilackvni>il on tb« owtalde, ttH TitrtJml axis 
belujf lileatluil wtih that of the wne. Tlila vj-IIdiIct. sniroumled as it were hy n 
jrreai wllnr, trnaliuiies alitive la q liehilspticrk'ul cap, itti Unit It looks like an 
enoHiinua ihtnibio. amt ta coTeml. witli n tiell slniM of the Emioe Nliape, 

'flilH eariiHiB aritviRtta* In tn-!hlag oiso hut ii sohir m elrer-er-liintlicT wnrtla, 
a iKilfer-^a wkKji wan-r la made lo lnill hy ila« hmi tnym of the mn. TWa 
Bitmai Bftiiemtur la ilpslgned to nilw water la the Iviiintc imltit ami bcyoai] by 
tJicniiB of th*f jioiar my*, whk-li are thrown np«o the eyilnder ky tlio lillveml 
Inner mirfut* of the t>untnii rcilretor. TJic lio||i-r nreivea wwter up m two- 
thlnls onts «i|in,-|ly tlireu^h a feed pljie, A itlnHS tula- nnd n ateam fnage 
miuiuatilnatfiij witli the Inahiii of the ceiwrutor. and attaehwl to the outKkle of 
^ rellftikir. liuUeatv tath the level «f the water and the prcHsure of Ihe atcnui. 
1' lunlly, iberu la a aufety valve to let uS the Htcani wh«i the presaure 1* sreater 
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U34in tlcfdreiL Tliiiit tiip tfclTer^i ieU Hufi-ly piir] triqy proTlil^t 

wlUi JiJ] th^ p«?cfsiHurlosJ tpf fl lxp!lt»r. 

Tb<r rtJlertorp la tlio itinln ikpHIou of tbe (;oT>enitol-p bni a dbJUiHor of 

iip^iera nt Its \nrge Eiiiil 1 motor at ItH fimnSI hnm, uml Ys SO ocptliiipti^ry Iti 
lii-l^rht. iflvlnj; 4 KQUJkro niDU^rfi of rpfloii-tlhg mirTnou or of SiiAolatliiri, Thp in- 
Iprlor wflllB art Until wSlli |itiniL!ilki>€t Iptcntipt tiwit mttnl Irt the liefrt 

itfli'Otor of tht btnt mjrs; fftlll, hroi?^ wlili a IJulit etPfltJuEj of woutil nlno 

serve tho puriicw. Tliy KnL-l|tkq tJoTi of the walls Of I he nrpipa nitofi to i u asJs 
BUmHurtH 45\ l^tRii tlte ati^lcni^ wore aware that this is the l^eist form for this 
tlflil of matalfctv mirrors with linear fwys, fhasinnoli as ihe Inriilent rays imr- 
nlJol 10 tl ]0 axifl art trrtwtcil porputulleulnrly to tin? hjioh'? nial thiin give a focus 
of maximiitn iDtaa^tj. 

The holler Is of eopjior, which of nil the eoDiiaon tneinUt is tlie host eamliuiior 
tpf hent: It la Mm'kenei.l on the outiihlo, Jicetiiise lilaek tho p^^fierty ef 

abBorlilniT all tho heat rays. Just aa white rone<^s ihvui ■ nml It Is Inclosed Jn a 
ulfiRS enveloiw, i^lnss behi^ die tnosl ilkulieniiaikPiis of elII iHPau-a ; that is to sny, 
the most penueable liy the ruya ivf luiniiions heist. further possesses th* 

property of mtlstlii^ the i^stlt I tow jviiiie niys aficr they have been Litifi^ 
formed Into dark rays on the hliLekeofNl surface of the lioiicr. 

The iKPlIer jjro|H?r of the Tuani solnr eo^lue cionsiMte of luo coip^ntrlc helEs 
of copper, the linger one, which alone lH,vIstlilep liaTlpj; die? snine holuht as the 
mimsr I. e.p 8D i-eiitTmrtorfk and tlie sum]lor or Inner one 5(1 ix^ntlmetara, Tlieir 
respective dlnmetera nrv‘ narl 22 iHintltnetem The Ihichness of the metal li 
only 3 mlillrneters. The fewl water llos Lpctweea tho tw o envelupc-n, forming nn 
aniiiiiiir onvetoiH? » (wtlicielers In thlehnena Tliaa the volume i>f liqull is 20 
liters, and the? afram eluimli^r hiis a capHchy of 10 Ihers. d'he Inner enveSotn? Is 
aiupt>% Into It pjiftj thE! stojiin p\\iv ami the ftvil pijte of the tndler. To the 
atimm pt|,Pe an> nl tnehed Itn^ gnii^e ami the imfety valve, Tlio tw?]] eIosh Covering 
the Ijotlor Is ftfj e^utlmelem hlRhp 40 centimeters iti dTmi^ete?r* ninl 5 mmirnetera 
In thIrktiefiH- There In crerywhen? n space of a centimeters t>etween Its wnlls 
Hud thof» or the iKslIorp and tills Npico Is (ISleil with n la>^'r of very hut Qlr+ 

Meclmnistn TBriis providetl ivhoreby tlio reflortor was adjusted by 
haD J to follow the movement of the stiiip 

On ^isy S. 1^^7^p. u fine ihvy, 3f) tttera of water, at C., liiirfPfJawd Into the 
buEler 111 8;K> u.iil, ijraduettl mti^m in JO mSnnlPfl nt 2 atmoi=ipbi™ (SO poundPtl 
«f presflurt- to dm squam IncJu L e.. □ temjieratnru of 121% or 2f njjote balling 
waller. The rtciim was then raised rapidly ru a pn^sianr? of r> atmoBiiheres (75 
pounds lo the sqimm lmdi)p and If Ihls limit weis not exe^W it was heoaiibe 
the siiles of the boiler wora only Enllllnieiei^ thlek, and the total effort miii- 
portivl hy the'41' sides wan then ^O.fhKl kilograms. It w imld have licen dungmuia 
to have proceeded further* as the whole npimrains might have Iwea Lloww to 

pi COCA 

Toward ihe middle fpf the same ilay, wirb Ifi lltcra of water lu die holtetp the 
Btcfiin at IdO*—that is to smy, at a prcfisnre of 1 niTaob-phere—rmw la less than 
a quaripr of an hour elp n prepvaife of 5 iitmcutjihereA equal to a teairv'rattire of 
nDaily, on Jti]y 22, low'iird 1 p. ui., nn exeejitloiailly hot day* the appa¬ 
ratus vnjYirhseil !5 Jllera of w^ntef tier haurp which Is equal to u coosttinrjdou af 
l id J Iters of stenni per lalniih^ mid ime'hnJf horM^ixiwor. For ihos#.? experlmenta 
tht* iDvenEor used an eijRinc which made htt sfmkefl tier minute antler a eon* 
tlimed piessura of i atmosi^iom. Ijiier an it waa chaaged for a rucatlve 
t-intlnc—that Is to Bay. an eotrine with a revolving cylinder—wMeh worked 
mlmlrahlyp putting la mot ton a pump to raise water, until the pumtfc, which 
tvrts too weak* wan hraken. 
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In ISTfl Aloiichot lisjcil a lioile^ niadtj of manj inbea placed side by 
side (pL 1) and lisiFlngii r4ipacity of 100 (TO for water and SO 
for steam), 

I^rouelioi Ecomsto liaro l:>cf!n tUe only inventor of a solar plants witli 
the exception of Shuman, who has had his apparatiLs tested by inde- 
pendent engineers The fohowing lofera to Jloiichot^s plant In 
Comptes Rendiis, Vol. &4, m% pages JL .L Crova reports 

that— 

Tt^e ailnL'itcr of imliMc wtark^ oppotntotl two coaatnT^oiiii, one at Canstnatine 
noil th+^ otlker at M^ntpcIIJer, to moke rxiierlmcnbi witb. two fdentlnil mlrrnr^ 
of 5.22 isqoare aietcnt In Acet^n n-iiriiial to tin* mti*n rtiya aial to evnluatc 
prnctlcfll utility, 

Thi? ci>iiioil!s^lon of MontiwlltoT wits compoft^l of SIM, l>trpoDclioh CiijrSoecr la 
chJof of Piints Vi Cliay?«f^-a, aa {iri!sl4]eut; CoJ. Fulmnit, R, EL; <JaibaU mid 

ThcexporlmeJits fcit Mob||kemer) from January l to 31. 

auti wei'e aimle from hour to hour cveri^ diiy ilurlixn which tlie nua wum brUhi 
uhd the u|»%>rvutlon» lio^ihJe. 

The flotur tays oouMitrutiNJ at tlio foral linu of the ailrror were received on 
a black botler pin ceil at the lists uikd whScTi wn» lucLoAod by a gliuM simile^ 

The nuiaher of nui^r colorfes ntlllneil, dlvldod by tlwse luetdeat, rvMlved la 
one hour upou l muter of mirfairo aormal to llie riij% itN-e?! the ohllcSencT 

of the opfifitatiis. 

lli'rt *pe tlie prliirtfijil results obtalDiiJ aHrtns ITS ilnysi wlilcli itave «» ol^. 
Bpimtloos. during v^hleh 2,T3S IHpj-h of wntw were dlriitliled. 


J/aj^rtinr p^fiAmtfe Tgfeijr* mrjmrin rttnn^ IBSI cf nifittorltfe* d 

f**. ri d <». 



eaiot^ 

Kfulmura 

ttLlahm. 

1 Pttlth 

iuTifttour n^uM .. . . . . 

ftlELJ 

' mrn 1 

1 1 

.ESI 

SI Alf41. 

IdJulH- 
U Juift." 

9bfi^9nna^mtvM\§}wtnmU . 1 

.1 


Tlie authoi- Ihik purposely not tninsLiti'd t1u‘ liwt five litm for fear 
tjf milking u niisLoke. He ig tmal>le to ihti'qiret the resulUi; but us 
they represent un important ami indepernlent investigation lasting 
a year, they arc gi ven in the ii(j[!ie that some of his midience may be 
able to throw some light on the matter. 

Next eaniE that versatile engineer nntl successful iuventorj rTohn 
Ericsson, a SweJo by birth anti iin Amei icun by adoption. He matk 
an immense number of expcriaionts, extemiing over 20 years, with 
costl.v iippamttis, to determine the polar constant, and later on made 
iippnnitus for the pmetical wtiUiSiition of solar radiation. Al! these 
experinienLs were made at his own expense, and he tells ns they cost 
him 120,000 1 and having done all tins work, the conclusion he arrived 
at was; 

TJie fact lo, baa^i^Ter. Umt uUliouga the heat 1m tihtnIneJ fiir authlng. so (<*■ 
t^th^lTe. ccMti;, ami coiaiilex is me conccntcatleti nm^iratus lUat sular atcaui tu 
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timny ilnir^ movv costb" timii t^ivsLUi prmlowl l>y tiuriilP^ (l4.‘ttcr tlnt+'tl 

S^^t. 21* im t» li. n. 

]m\'i^ El I ready referred to liis remftrkublT accurate determi nation 
of tlie soliir «jnst 4 iut; imt he wa^ not ^ happy in deducing the tem¬ 
perature of I he sun, ^'h\dit he made to be 723,000® C., the present 
iicecpted nssiilt iwingotily C. 

He tried hot-air eiigities, weil iis steam engines, for utilizing solar 
energy, iirul daitned that the steiLUi engine ivhich he constructed in 
New York for this fuirpose in 1870 was the first one tJriven by iho 
diri^'t ligefiry of solar rudktion. The diameter of its cylinder was 
41 iniches. Ho afterwards modified his solar hot-air engine st^ that 
it might lie used ns ei small pumping engine, usirig gi^s ns its heat 
supply. 

nnoHL-^ u[>i5n tlilHelilp frem] hln "BorltHbop ari^ nlrtfliily eHtlmateil at iwwercil 
thff auifouric of tbe £2t>,lXXl eireiiUe*! by KrlPSwa utinn Eht^ aolnr lnvi«fitlga- 
tluas leaaUrjt: lU^ to thH lavoiilieiip (VoL IT, p. 275 of Ills LlfOn*^ W ^ 
Oliiiri'lL) ]tloiii-hol njimiroiitly i^trreirlly. that his cnaiop wfis tlie nrat. 

ami Ti>lrw«m nrJEnUs that, " Woiiw tluii;^ prevkaia U> tB70^ Xtouchot nimli^ a wnaill 
ciM>deJ eoKlifOp u more ti*\\ armatcci by steani oa Uio plan of acinifniUa- 

liitloa by daiu boUa • * *. 

EricHson givra full details of alt his apparatus for determining the 
3 >ohir eoru4aijt in the retMird of Ida lifers work^ entitled, Contribu¬ 
tions to the Centennial Eshibition,” New York, 187fi5 hut unfoidu- 
natelj be did not desiullic in detail therein the solar l.Kjilcrs;, exphiin- 
ing that “experienced professional men will appreciate the motive, 
viz, that of preventing enterprising persona from procuring patents 
for □edifications-"' He does, however, give us the following uniount 
of mformation t 

On nlrc^iijy fully rulautc plans of my new ay stein of riai- 

rlerln^ huu power ttvullabl** fur taii?clMinb:al pUTpowa will noi be preheat la 
thla W{irk. Tlie howint^r, deiiuind:^ lliat 1 ^bnulil prk^m^nt an HuuUnc 

of tht,^ fuikcenlmUon nafNifatuH I^Pore rafk^rreil to* It of a aorli^ of 

iHilisaanil lyirulKillc trouaba* la ccanblnatJoa wUb n fiystem of hw EllUIc liitw-a 
chiirc^l with water Uialer prE»i;«tire, esiiO!>?etl to the innuenee of 4^fiverK:liii; wlar 
mya, tbi‘ aupaetited unatK^uliir actlion proiliiceil by tJie iM;iai.‘^!iitniM£4n ImIfik 
tnniaferred to a central rei^ylirer^ from wlilcli tbe aet^iaulatoU eati^y coin- 
iikuaJcatcMl to n j^riple motor. 

Tims the laeclianlml power derelfipcil tiy coaeentmte^l j^tilar bent Is liupurpHl 
to tlio solar Meata iinalne wUhmit tbe LatervciLtKou tif a multltuEle of tKillmnv 
jilasw bt-^lla, jcnmiesi, fwtlpm etc. Moreover, tby etjaceEitralioii iipjirinUii.4, unlite 
the laislnimeut of 3iloaeliot* re^aEit^ m* porull-nelte lutpUon, nor ikit^ its mtiuiijii- 
niefkt <-*11 for any kriciwb^lice of Lbe saiFs ikHlhmtTon fniin itay to ihiy. iU 
jn^nriltlmi Is tt^ulap'tl by itlftiply tarnbii; a hunElle uniII a ei='rtaln Index coincide^ 
wUli n ct^EiiKu brli?ltt tin*' pnalTiit^l by the n'ltecthni of the niya. 

His boilerssQcm to Iiavc been exceedtnjflj fiflicieDt, for he claitna that 
“the mcchuiiisia which I have iula|)te(] for eonoentmting the sim'tf 
rudiuiit heut ultstracls, on aii avei^ge, iluring nine Ituurs n day, for 
»)1 latitudes between the Equator and 45®, fully 3.5 units of lunit per 
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nimutv for eiieh siiniin^ foot of ui^ni jiresenU-d peri>endifiii1[ii'ly to the 
sim*s ThiiHi mid five-tpiitli!? B. t. u- por Sifjiiiire-ffiot-inlnntii 

=^0*05 eolorieii per gc|uaro-ceiitimetGr-minute. Tlio mean triLii-SHii-^ 
aion of iiolar n^diotion by the atmosphere over n zeniLli di^ftaiH'e frc>jn 
E- to 4rp® \\\ i$ OT.tji per t-i-nt wlicu tlie sky [s cleor- Tims 
0pG7rpXk0^i;^l,:il tabriea per si]iiare-cetititiieter-mJJiiite are available 
at the eortlrs surfare. lienee (Jie ellleieney of Erieswon^M boiler was 
irff-X^W— per cent^ which is mnarkably high* 

In 1S73 Encsson built hi^i hot-jtir solar eii"ifie, which had a reflector 
the sha]ie of which ivas upprosifinitely a portion of a s^pliere anil 
which ctincMOtrated the fwlnr nuUation onto one end of the cylkulen 
The power of l>oth tliesse engines was evidently very smoLl. On July 
% 1815^ Ericsson wrote that he had up to Ltmt time ci>nslnicied and 
siartcf! se%'en sou motors^ 

Ericsson wrote in Xatiire of January an itlastrated article 

diWrihjng another of bis sun motors w hich he erected in New York 
In iSS^ij in sjiite of his opiniou, as to the cost of solar ^teofii {previ- 
ously quoted) expressed in 1878 (ph 1)=. His description wtis ns fol¬ 
lows : 

TJia hinHa*; fi^tan=^ uf tlie muu aiutor |jt Umt uf coia-entrtitLuj^ tlai mclbnt 
hi^t by XDciLay of n rectanjfolae trouj^qi liavlaff a eim't?d b^atotn JiniHl iki thi? 
lo^Sile with [MilKAlieil jiltjtea :sc» atninaeil ihat tliey reUci^l thi* suo'-h rayi? toward 
a crUadrlcal Ijtifiier loaprlhidliuilljr otno-e tlie tniaji^E TIJs licaier it !« 

scarcely aeci-sisarj' to Htnte. rontalas the actla$f uinllutu. lir air, i^iupToycfl 

to tranafuf fhi; KCil;ir energy to Use aiotuf^ Hm* irpiififer eiTwrte^i Uy aieasirf 

of cyntifler^ prtivlOe^l wIlli plntonn ami volvt**! rf^iisblliii^ tiuwe of uii»tlve 
of the unlluiu^ tj'lie. PruetSt-cU en^iaeens as u'cll m ffl?lciitSittw, liiive 
stmted that mthit cjuti-t raa not lie remlereil available for prrHiDrins Tinalve 
jMiwcr, ia ciicbR^jia^ii^ tlio fis'bleucsit ef wNlar rmllflUorL The prpnt dtsi of 
Inrae refloctors aiic) itte OlITTi'iiTty of jimlnelO]* itfHTjrate eiirvntiire mi a larj^e 
scale, b[wsldL>s Ua- ereut unionist of hilmr ejilletJ for In iirevonllaff Ibe iJol3‘dn‘<l 
sartnee fruia lOKHanha; tnriiifiheir, asre wisleli have In 

fearer direwt atdar [ina.'thMtIy ujvl€iivi for prodaelni; mei'liuXhlk'tLl iwiwer. 

The d€‘vlce under cotiJ^bleniClon ovi‘n'«iaw the stated ohjectluii^ hy very 
fflmpTe meacLs. as will be seen by llic rohowiuje descriptlim: The but tom af ihe 
reetangulnr trough eonslHts of stmlght wixalen frtaw's, auniiortctl by iron rllis qf 
[larahtinc curvntuni waaiml lo the sides of Miu trotigk On these si:ivk«< ihe 
rvni'ctinff Ilia tea, com^iWitia of flnt wlmkiiv glass aitvt^sl on Use onfler able, are 
fnHteikaL Jt wUI be reailily uador>tiK>tl timt the niolhmi X\niA ailopEetL for 
coneffTttnitSng Use raUEuiit Umi itoes not eitll for a stnieion' of irreat neeiiracyt 
pravtilefl iho w^NkJeo aluv-ti^ nrv Becured to the Iron rtbs in aueli a irijaitbui that 
the itllvf'rii] [dat*-?! atlaciin] In Use Knnie h'IKm^ the sHilar rays linvanl Ihe limter- 

Iteferrln^ lo the iIhlifdnitEiin. It will lie seen ihat the trough, 11 feta long sml 
10 feet brand, liiutuilltig a immllcl upc>aJng la the botuuii, VI Inches wJdii, Is 
snstalned by a llgJit troiy nttaebed to caicU end^ Urn iientcr miia^^^^teij hy 

vertical plnti-s seen red to the tnu». Tha heater Lb Ql loritM tri dlntiieier, 11 
fttu toag, 13OX0.S^1.?T4 sopertlilnl liRlHai to thonetton of the reflrcled 

solar niji-a Tlia reflect lug r Inti's; eneli \i IneheH whle nml 20 Indies lung, liitiT- 
aobt a Funlieam of lJk>X 180 “2^1,41)0 tr^uan.^ Eaelu^ secMLin. TlkU trough Ib sup- 
porteil by a central pivot reuuil wlildi It revolvesL The of iDdlDiitlon 
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Ill effpdiih:! by nirtimi of u cuhreal^! by the trbiigli, th 4 j LHitlrt^ 

nLftss so necnroioly lipInnc^Z rliat a jmll of fi piiiinEla at th? 

Ity ^unblc^ u p«>rsoii ii> i^bnnfr^ t\i& luL:;nij 4 tlob or tin* wlioli^ to fpvolva. 

A frfnf'l** T^olatloii nf ihi' n>r>tU'o onp^iio tiMH? j)ow<^r Ihhn to 

turn Mie trougli^ utiil n‘^lat«t Itx lEitllufitlon so an to laoe tlw sun durLug a ilay’fl 
oi>eJnllocL 

Tin? motor filMiiyn by tbe MM&tmtIoti Ls a ^toaiu the cyllmli^ 

tK^Ing 0 iBchf^ to dSuinctor, vrhh ^liicb stroko, Tbo pL^toii poiI, tiu.^lti|t 
throttpb iho iHittoio of cyltuilor, opemtos a foros jniinp of r> loohi^s rliniuet^r. 
liy iileomi of an ordlmiry cro^hnoi] smiriN] to tlie plRton rod Mow tbo ^raia 
ryUndrr. mill by ordiTinry roDQOctirtjj rods motluo Is 1ni[mrtal Uy n rrai-k shaft 
Ami Uy wTiroh applbKl nt the toit of ibe eoR^ne fmIlH^ the object of this amiiifjo- 
Iiu«0l Mnj! that of olmwlmr iho entiihlllty of the oH^Siie to work oiilier puiitjM or 
itiSlti?, It ghoulil lit? boiltred ihot the Cexlble sLooto pipe euiployoi-J to ronvoy Uu* 
jetOEtTo to iJko onglpep n3 well as to the stiiiim eliaml^ attaehoil to the upper 
eUfI of the heoten luivo to?en e^cludofl to the lllustFothajx The avomKS? speed of 
tlio enjirine ilurlii^ the trhils Itmt Kammor wnn i:*0 turns \nT minute, iHe obsolete 
prf>^jre un tho woi'kltiK piston lielnif (Krumls tier fV^iunre Inelu The FEeam 
xms worked t^xpamix^ly In the rutbi of 1 to 3v with u niflirty ]M>rfort vairuuiu 
hept up In lhf> coinJen^r Ineloseft In the pedestal which impporta ihp eoidiie 
flUJTin^ 

In t lew of iho fnnsEutnj?. oypeftK nivd not |i^ totil that thn Pftm motor eon to- 
curried out on SL siiibi'k-nt seate to benoflt very mutt-rlally the sim-hurnt n?g|oaA 
of OUT plaueL 

From lliP partiruliirs givun it b easily cnlciilatml that the “«on* 
cfiDtratifii] ’■ of this ntiruirlieF was 3. 

TIm! Ki*v, C. n. Pope luiK prodiiccit ii useful little book entitled 
‘‘Solsir Heat,” tlie second edition of whicli iras puhliahed in lOOG. 
In it he tells ns lie stmted hb CAperimenb (which do not appear to 
have included the con%'cr$ion of Holar radiation into mechanical 
energy) in 1875. He used a niotliiieation of ^louchot's truncated 
cone reflector formed of many plane uiirrars, the plan adopted about 
the same time by Adain-s. Pope haa fallen into the same error re the 
connection U'tne<n temperature and concentration of radiation as 
did Adnne!. for he says (p. IT): 

Thot tlie detfm> mill aoioiint or lieat nt the focna will praporUonate to the 
area nf the oiieiitiii: of Ihc lean or itilrnie, nnU tlmt thiu the only limit to the 
tenijHnitujre which may Iw n>uclM<tl te the abu? to which such lenstes imit mlrroni 
niBy tw const rartt'il uml revolveU. 

Anil (p. t*!l): 

Tluw rayn may. therefon^ hi* imtheml toaistoer aaU marie to nnlte. a* If the* 
bi^cttice one ileiLier. rtronser. hoitw ray, so that the teiuperatura of the caa- 
clensod ra,w will he rnlswl hi pi^rtlon to tho tinmhi>r of rays htoialeiL and 
m* con thus (ims« the heat ta tneraase to any degree oar Appoiatiu! an bo 

w. Adams, deputy registrar, High Court, Bombay, srems to bo the 
flole Englishmim who has worked on the practical aide of the prob¬ 
lem of tlie ntm^atuin of solar energy. His work was done in India, 
and IS recorded m hw interesting book, Sobr Heat (Bombay, 
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MduchoT'A Multiple Tuae Sun-Heat AB&ORaEn of 1370^ 



ERrcsfiON'3 Sun-Rower Plant of 1SS3 














Plate 2. 



AdAM^B SOLAH Ck>QKE(1, 1870. 



PiFfi£^ Sun-Power Plant of 1878 DflivuMi a PflinTrrta Press, 
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1878). Ih slartfld on the work in ldti\ imd his e^cperiinents him 
to concFui(e^ ns did Buffon, that silTP^e^l-glass mirrors wero siij>€rLor 
to poljBhed-metal onesL This is no dotibt ti'iio for orclinaty use, 
ihough for hiboratoiy eatperiments the jHjlisIted-mrtal ones gi ve better 
resultst Hs Uiere is then no absorption by the glass (pi. 2). 

In two particulate Adams was much at fimlt—(1) in believing 
that the solar ray«f which reach the eartli are not prEictically parallel^ 
iind this in spitfj of the opposite opiiiioiis of the many physirists 
whom bo quotes, and (2) in believing that the tempernttire attained 
at the focuft of a lens or mirror is directly proportional to the con¬ 
centration of the rays. As a consequence, he stided that if a lens So 
feet 4 inches in din meter (xmeentrated the niiliation onto a circle one- 
half inch in diameter Iho temperature would 7&,4CkJ,320® F. This ia 
equal to 4dj7SU,000‘^ while the tejiiperature of the sun itself b otily 
C.j ami no amount of sucli concentration could produce a 
tempefatnre in of tliia. Tliis error on the part of Abhims and 

Pope seems to lie due In a confusion of **temperature’" with ^quan¬ 
tity of heat.’^ 

Hh experiments wen? all made with plane or Hat glass mirrora, 
ihe use of which hesirongly advocates! In preference tocur%^c(l mctid 
onas^ which Moiichot iiseiJ. Sometimes he U£sed groups of 18 mirrors, 
each 17 by 1D| inches, and sometimes of ^^2, each 0 by b lUchi'S, Tliu 
latter be arranged in a concave wooden frame in 4 tiers of 8 in each 
tier. Such a group of ^2 fanned I unit, of whieli he had 16, :Jl 
fociiseit onto ane Imiler* When placed tagetber the 16 units formed 
D port inn of the surface of ii hollow sphere 40 fetd in dia meter. One 
of Ills lioilers was of copper onc-sjxteenth inch thick, 16 inches diam¬ 
eter, 2 feet 7 inches high^ and held 0 gallons of watcr^ which iioiled 
in ;J0 minutes and DVa)XjratiHl gallons in iin hour. 

Ills next l>oiler wjis also of copper one-fourIh incli thick, and of 
the same design and external dimensions as irmichnt’K, but with a 
water space between the inner and uiitcr sliells of 3 inches instead 
of 3 centimeters, and containing 12 gallons of water as compaied 
with Moiicliot’s 4| gallons. The 12 gallons of water were hfiiled and 
the piv?^UFe raised to 10 pounds to the square Inch in the half hour 
from 7.30 a. ni. to 8 vl m.,atid by 8;10 a, m. the pressure was 70 [xjunda 
to the square inch, when the safely valve cqiencd, whereupon he goes 
on to say; 

A ^^'atlcnua piTsoat kept tta* valve d^wn by ptaclna hi* fwt an It, till fke 
tjlefliti, ii'Acapiaa: freiu Hwweral leaks En Uie ^Enta of the Httlutis nmile the pueiUoa 
unteiiHbl^. The wetgtit *m thi^ mMy valve waa then sypplenii^utii'd by a hri^k 
ituspcEiiiiftl rmiD the taver by A pLere at strltu?, ivliLti .soddealj tlia iiaekE&c ^^<^1 
red lead nt Iho i^p af the iluiiie under Uht' af the tfCimra Ivi'hlch hnd 

l>evo bieil by tny batlofn hvImj protfsseil to Imw fc^riiK^rly bf»oh a Uttm ^pve 
wiiy, nud, with a li-rrlBc nobie. the tvhoh* vulutne »t utiawn rtit^bra out of rhe 
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Ofi lurcLln^ r>|t tlio hoIqt nsyi# anJ f^jcamlnlui; tU^ luriUi^r it vr&.^ fouml 
tu ttryn AH dio w wlvl- IjciiI ■i?itijt>r bccm <>r li|owlt«ut, 

WJii'n thl« tw-ltsT bwit la^h Uji by inNifwisSutinl n 

pum|:» wiia hlml, said tu be <jf 2| ainl It wnii CTiiicwH^tetJ wit It die 

fiteaiu pipe. x\t 7.30 u. m. Are wua on the bolter fmm dio whiile 

IB uiirmrfl: at n mage tif 20 feet, the 1>oIler eaatn Inlaid f^oUniin, At 7.4S, J, a 

iLtiitrli’r of titi hoyr there wew fi jiitssTirf? of oti^iu iKmiiils anrt nt n,\¥) a. m, 5r* 
ttouihbt The £te&iu ^Jia tlkeEi tunieci latu tliu ij^iltiiler 4if the jfdui|i^ aial die 
tiiikiip wiiA ku^kt workhiif nt a uiilfurui pret^tiri.^ ut ubiiut 30 petuiib! t» die sriuFim 
tnelL 

This pniiJti, lhL> IliVit Klmin oa|;ltie c^er WdrkfNi tn Imlln by Ktiiljir liifiit, wna kppt 
i;<ilii(!; ilnlSy for n fortnlj^ht lii die ecantifainil of my hiiii^loiv nt liuiille CVtinha, 
Lij Bciintiny, mill die piiblle wjjh liieliml. tiy ii updikTillua tu the ttiilly pujierH/lo 
^'Jtiii:iH5i The eyjn'tiiiietiiiiH 

AiIutils nl^i bijitle ii stilur the reflei^tor of wiiieli was fortiteti 

of eii^ht Kheetsof platifi ^Iush arruti^«;il yo m to form a hollow inmcated 
{K!tu|;oniil jiynmiid 2 feet 4 inches id diuiiieter at the larger eod. The 
fiHuJ was placed in a ci Uiulrical cop[KO' at the axis, cxiveretl 

with an octiigoiuU ghm Hiiiule- With this he and others cooked niany 
nufiil^ both stews anil roasts, and he records that both he and Moiidiut 
found {p. that animal fat— 

Whoti in tiu? direct or n^nectfnl fjiy* of tke mn waa tvaivmeil lotn 

Ikutyrii* iiclib II Kiibfltance liuviak^ Bueli uii cin’en.'^lve udor uml taute tu In rcntkr 
t^ie OMiat ari|Nilatulkk\ HbMielmt diiai fli^-itvnrtHl tknt n abeet iif |,i|iik, i:>r 
yeAuw trunRiuinMit i^lius interposed betw^n ihe rsuiJtt lunl die mftfMLttcir bail 
the effect of prt'iTntlaa thlfi feraientadun, tu diiksc tiulor^ have the mrlmvi 
funjlkerty pf idirtuHatki;, UeuircdlzLa^ or eMiuliitiUEi}; the mya by which It la 
caused. 

Adams film elates (p. ^0) that^ 

Wlien the fire tliat barniMl In Ute Teniple af VesU » tw^me 

the .-iticiept Ifoaiiilu U}^^1 to mklmlle || fiy pfnclug: n plec'o of dry wixiil la the 
(lUk^PT fiK-iiji ijf ilH* iwaSiul iT^i-ctpp » • • Tu t^rluit fire frrai hiiiv+?^i, by 
supiTtuilimil nkl ami il Dienil HUltK-lar am no iloiibt, oikc of flwj mf» 3 t untrient 
niirnrEufi ckf pirlefltcrufL+" 

Hl suggPiftuJ Iiiiiiiy ws«i fnr aohr heiit, among others (p. flfl), ** for 
the civtiiittbii of liectfuSHl Hin<liis and oliipi-R," 

Taking into account the facts thiit he did not expend much money 
on Ilia e-\i>erimeiits, hiuI that he did the whole of his solar weirk in 
18 riiiintliK. it will lie iidinitltHl his was n most croditniile piwe of work, 
espcciiilly «8 he was neither an engineer nor a phyaicist. To make thia 
limply clear, he says: 

1 hiov iirUlv'r the eAfiltnl. tlie time, nar the prartinil knoivieiifiv. rpimJml tu 
mtulrnrt any huHineM In which steam mnehinery te ustxl. i know now that the 
•■ pnfumom - of a Ktmtin engine orp the mo Iron aiuijfti whkh njTolve utuiut It, 
nini mu, ns I Imil siuijmseO. tJie two men whe luhrleato thu niAchltie ami feed tlic 
twller with cmh, TTiIh i* mmrly . .. oriny kinmldjaiuf stmm iiuichlnofy 


tlw n«HidM4 or iik> iinirtb. 
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In cnjiK^luding this brief iictJOiint of Adams's work you wiil he 
pleRsorl to loiim tJml J 10 was nwiirdwl the gobi medid of the t?as&iH>n 
InEditut^: of Bonibuy for hLs essay oa The ITtiliifiatioii of Solar Ueiit^ 
wliiiJi lie submitted in Sltirebj 1ST8. 

In Cimiptes BeudiLSj. Volume 91,1880, pagys 383-580, M. Abel Pifra 
eluiin^ tin elKeieney of 80 per cent for bis apparatus when he siys he 
obuined 0 mle of rthsorptioti of 1.31 calories [ler ijjnuare-teiitimeter- 
iTiinute. H siach a rate were obtained ire now know it would mean an 
efBciency of 80J per cent, which is iinprobubie. Pifre used a para- 
n-EUxtor {iiuste:iLl of a tnincutc^l cone), iiiid rc<luee<l the surface 
of the boiler, thus mcreasing tlie coiioentration. The capacity of his 
boiler wii>i 11 ffallons unil ho collected 100 square feet of solar riidiii- 
lion &o the diameter of bis n?tlei!tor was al>out 11 feet 4 inches. Ho 
used a rotary pump,, and raised liters of water 3 meters in 14 
minutes, which is equivalent to boi’sepower. He ran a printing 
press with his eun-power plant, and claimed ilint if be bad collecteil 
21 r> square feet of nidiatifm he could have produced 1 horsepower, 
which is quite likely (pb 3). 

Nest in order we have Langley's work* which consisted of matiy ex- 
periments to determine the value of the solar constuntt the value of 
which he gave m 3 caloiies [>er s^juare-centimeler-miiintc. 

Langley exiierimuntcd with de Saussiire's *4int lios/* and was the 
leader of the expe^lilioti to Mimnt Whitney, where some of his bi?&t 
work was done- He gave a preliminary acccjunt of this trip in Nature 
of August Jii 188-2, pag(s 814-^17^ and a full record of it under the 
title ^Resoarchrs on solar heat” in the United States of America 
War Dcportmcfit, Papers of the Signal Sen’icOj 15^ 1684. lie also 
i-cfenvtl Ip it in the New Astrunomy (1900). 

In Nature (p. 515), he said: 

As wejatiii i^lavrS>- nail Uic surface teaiperntun- of iht* fdull Ml to the 

fm'sLnR thi^ sujJar maiatlun bi^tiiaa iatciuM?r, oad uiiiny of the inarty 

eeiitiaJ an nppeamnct^ m of Hcvera bums from aji actiml Ore, wtiLle ihCEu- the sum- 
iiilE tbc temperature In a ever wUeli were laltl two shtn'^ts of plala 

wlarliiw rose Bhovf* binino^ s»olnt, ami ll certafa tlmi we cipalil boll 
water by the lilrect sinlar ray^ In Piich n vessel ntumii? puow (leltL*. 

In Volume T3 of the Pr(KM!cding?^ Iiistp C. K., IS83, page 284, 
h dt»scril>cii a phtiit designed by J* Harding, Inst* C. E., for di^^" 
tilling water by solar radiation. 

This plant was erected at (.’hile, 4-300 feet above sea levelj 

and Imd 51^00 square feet of glass arranged in sections 4 feel widoj 
and in the form of a very Hat A* forming Uie rijof of m shallow water 
trough. The sun evaporated the water, and the resulting vapor con¬ 
densed on the glass, for the temperature in the Ikjx was fat higher 
than that of the atmosphere, and hence of the glass. The pure water 
trickled dowii the sloping glass and drip£>ed from its lower edge into 
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ti small chafmf!l the top of eiidi »ide of the Wx. These chunnds 
deiivtu'ctl itito liirger ones^ ami thus the ilistilkii walef cfllhicteth 
The plntit yielded 5>000 pillonsof pure water per day in fiunimer, u e., 

1 pimtid of water per square foot of glass* Allowiiig for interest on 
enpitnh cost of repairs, etc-, the cost of the puro WHter is siiid to hare 
been tl^an one-half peimy per galloru llie chief item of exiieose 
was the breakage of glass by whirlwinds. Dlsti Lint ion i^turU^^l at 10 
lu nip mid continued to 10 p* m* Tlie niaiiimuii teni|Ku titure of the 
water m the trougha was F. Tlie total cost of the plunti iiicliid- 
iiig pum|JS, wintoillsj and tmiks, was or Is* iJcr square 

foot of glass. 

It is not clear w hen the solar energy problem finst engaged the atten¬ 
tion of C. L, A, Tellier* a Frciieh refrigerating engineer, but in 
lie pubiishctl his book. vat ion des Emis par hi Chaleur Atmos- 

phffriqiie,-’ in which ho gave niiiny drawings and ikUnls^ and i\ very 
full description of hifi plant. He may have Ijcen the (irst to ufio the 
laiuethir boilei^ but the United States patent No* of July liO, 

18^, of Moleni and Cobrian* shows that they prtqKK^HJ thia form 
of boiler. The dimensions of each se^^tioii of TcHier’^s l>oiler were 
3.5 by 1,1'2 mettiTs* Tliey were inudo of thin ]dates of iron, 
so rivettd together ns to give them n quilted foiination. They 
Tivere Hlkd with amnioriimn hydrate, wliich, he siiy^j when heatetl 
bv thu sun produced gtiseous animouia at a prt^ure of ^several 
alniosplieres,'^ The atumtjiua gas was used in a small vertical engine, 
and was tlien 1 iqueGed i n a condenser and used a ga in. The boilers were 
fixed in a sloping position so as to fjicn the sun,” and two soniewhat 
fanciful illiihitratsons show them used as roofs of verandahs. The 
Iioilers w^cre insulnted on their lower or shade sideA to prevent loss of 
heat, and were pi need in shiillow ixjxes with only one layer of glass to 
form the cover* lie e.vperimonted with different coloiisd glass, and 
found, n& might be expected, that colorless glass gave the best results, 
lie also gave complete details of his iiivention as applied to the munu- 
fiictura tif ice. With SO luQoh detail it is disappointing that llio au- 
tJior could not find tlie results of a single experiment w ith ihe plant* 
In fact, he Is not sure w'bether Tellier ever comitnicted one. 

In his work La Comiuete Pacifique do i'Afrique Occident ale 
(1800), Tellier di^ussed social ontl eotuiomtcal quci>ticms, and showefl 
bow itnprtjvcniciits might be made by rendering the deserts of Afrii^ 
productive by means of his sun-pow er phuits. 

A* i.u Eneiis^ in the Unitetl States, used the popuiar tnmeated, 
cone-sliaped re Hector, collecting alKiiifc TOO square feet of eolnr radia¬ 
tion, Tlie weight of tlic nqlt^tor was poimd*^. 

The boiler vtm fomicxi of two CTncentricsteel tubes, the two together 
being incused in two glfiss tubes wdth an air space iTetween them and 
jtnother air space between the inner glas^ one end the outer steel tube* 
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The water circuUitifd up between the inner and outer wtoel tubes anil 
down the Iraier tube^ The boiler was placed at the axis of the eonc. 
Its len^h WHS 13 fwt ^ inches, its water capaeity pounds (13.4 
cubic feet), and steam space 3 cubic feet. Hence the djamcter of 
the outer tube ap[>car$ to have i*eon 1 foot 2 iudhes and tlic coDceii- 
tratioQ of radiation 13,4 j L 13.4 i^juarc feet of suusKine were con- 
centra ted on each sijuare foot of the external surface of the holler¬ 
ed G- Abbot (^rhe Stm^ p. 369) states that lificas gave him the 
follow^ing particulars; 

fV&marff 14 , Pawicleiia, Cat. UM a. ni.^.30 m.; (HU ^nurct feet 

iHUruahlQo. Teiiipi-ratar^ of nln m* Strata preiis^ujn?. \4^im poumla r^ir 
squBFe iDctu Steam 123 ikiunU^. 

October Sr I9&S. —j&lem, Arlz*, **flboct lulilday'^ j TOO ^uarei feirt 
ToiutPt^ahire flf nlr 74* F* Ateraire pri+^siure, HI jx^uThlii iX'r s¥<iHiiirQ lacli. 

Steam coDiIeiisi^dp 133 

October 9^ i9&i. —Wlilcoi^ ArbL, 11 m m,-l£ a. m.; TOO fltiuari? fact 
StrauD prcisurop !43-l^ iwuikIs •per settjire Inch. St<MEm Lt>tiitan:9CfL 144.6 
puuadA 

Tlie tempeniture of Uic h'cd wuter Ls not given, but, iLSsiiming it 
td l>e tile mim as the tcmtieratiire of the air, we can. de[]uce the ruto 
of absorption per sciuare foot of radiation and the thernial efficiency 
of the ahsori>er. This being done, we obtiiin the follow ing table: 
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Eneas refers tn his “nine rtifferent tjrpcs of lurgc rclleefcors" and 
found that he obtained better results wlien he concentrutmj the re¬ 
flected rays “ on two parts of the l^oiler instead of its entire length, 
as in the Pasadena mnchine.” TIjc une.xposed [wrtions of the lioiler 
then appear to have been {aggerl. 

Fineas said, *'' I find 3.71 B. t- u. per square foot per minute as the 
g^Mitest iimoiint of heat ubtiiinoble during the trial runs.” Tfiis 
gives a maximum eflicietii'y' of T4.5 jicr cent, whidi agrees with the 
result given for his Piuindena plant tn the foregrting tnbje, 

Eneas also stated that “the iJiterposition of a single thin glass 
plate in a beam of sunlight dtminislies tlic intensity about 15 per cent. 
This decrease is owing principally to reflection.” On page 406 of 
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Prostorx’« Trentii^e on If cut, it is stiittfd tlmt “niirmr gliifss millU 
tuetern lliick tniiiamitted iJW per cent of tlie mdintiun tlint Ml on it 
from n LocateUi lump, Tiv’hile rock stilt tnnisiuitted 0‘J per cefttJ' Tlie 
diHtliemiancy of encli smli^amce varies with tlie natiim of tKo homito 
of Iieut, so the naiiilt just given is not comparable witli that given by 
Elneas. 

Ahitot found tho fallowing percetiUges of heat wem tninKtiiittecl 
through sheets of glass, each from l.S to 2 millimeters thick. In 
one set of experiments tlie glnss was normal to the my a and the otlier 
al dS*. 
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The sun-power plant known ns the Pasadena ^ one was dc.-K-rihed 
and illustrated m the August, 1001, issue of Cossier’s Magazine by 
Prof. U. 11. Tltiirstoo, LL. D., D- E., and on page 103 of the Rallwny 
and Eugi nwri ng lie view of February 23, lOOl. It Is statiKl to lia^e 
been designed by, and ereetod iit the cX[3enso of, *‘a party of IJoston 
inventors whose names have not been made pubHe." It consisted of 
a truncated tone rrilector, 33 feet <■ inches in tlmnietcr at the larger 
end and 15 feet diameter at the mnalltr, with a boiler 13 feet C inchfta 
long, having a eupacity of 100 gallons (IL S. A.) plus S cubic feet 
of steam space (pi. 3). 

The article in the Railway and Engineering Review states: 
“Acconling to newsiHi[wr afs-'flunts, the all-day nverugo work per¬ 
formed by tlie engine is 1,100 gallons {11. S. A.) of water lifted 
12 feet per mbiutt, which is at the rate of i horsepower,” It is more 
nearly 4J; horsepower- thus, this plant rvipiired 150 stiimre feet of 
radiation per horsepower, and the toncenti-ation uppeai-s to have 
been 13.4, 

The Pasadena plant is saiil to have cost iEl.OOO, and Willsie, wntuig 
of it in 1900, says it was “ the largest nnd strongest of the mirror 
type of solar motor ever built.” 

H. E, Willsie and John Boyle, jr., started their work in America 
in 1902. Tlie rnethcMl they adopteil was to let the solar radiation 
through gloss nod heat water, which in turn was used to vaporize 

’ T!H!rii ipixmr W lmT» bwii urn ml ni«t» cwvteU PiM»*!iiii. br ailTerm.1 
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The PA9ACEHA SUN-HE^^T ABECiftItER Of 1901* 
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soin^ fiiiid siieb n.^ rnnitioniuni hydrat^i etht'r^ or sulphur 

dioxide, the viipi>r bein^ used to drive an engine, 

Willsiu thinly ho wa^ the first to propo^ thb two-fluid met lux] for 
tlie iitilixaiion ui aoiiir energy, and^ so far as the antlior know^ his 
rlaiin is cnmrt. Their first eun-heat absorber was built iil OLney^ 
IHm and coiii^Lsted i>fi 

A filialhnv vvooih-n faiilt tl^itly «a%'erct| wU!i a doutile loj'er of window glu^ 
Tliy ^il«E flOd iKjllam were LnffuLated hr I&cigeed ntr Epochs m\c%l with liar* 
Tliti tank whs IJnwJ witJi tar iiJilnw, wHI rItcbeiU to hold W4it*^r to the diffith af 
3 ifnrhcs. AiLhciui;h tlio cold and mw^ ovoa fur OrlolTei-^ with oerit- 

KloiuiJ rEouilSt tlio th^&KiiooOT lii the water showed lenitxira lures hlEher thnii 
wtsTB i}i?i>4tfMl to fjtierrtte a sulphur dLa3tido engine. 

The th«l uAnr heater wia hunt at UariJ^vnie, Arlt Siind was inseil fur 
ln! 4 i£iritioa. Three tests fur tlio amoimt u*f h^t | 3 i\e these averaije refill ta hi 
l>iicembar: 
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AO estiniule timt ftO jM»r cent of tho hrat reoctilnfl: the fftiifti! was 

nlworhed Into the waifr, 

hi 1003 tmtiip furtilur Jiaiiinr testa woro nmilo, imietit apnllcHtlnris MihU and to 
carry oa cxperlnieiint on a more extensive at-ale the Wlltflle Suti l^ower Oo. 
was Ittciurpnmtc4l. 

fa llw pqirlnff of 100^1 a cuinplete flun-power plant wua hntit at SL l>auls. 
In tills inaUillutluD a fl liojrsefwwmr eaglno was ntiernicd by atnmnatn- Tlin 
tbciuer imimiated uf a shallow w^chkIcel Inmlii contctl with a^haU nnd dtvideil 
by strips tntn troindi^ Jt was ooveretl hy two Inytics of window glns^s and 
la^mluti^fl at the atilia atul hottoni by rbuhlo air spaces, Kiicli trough of tlio 
Ibeater formed a coniiianiHeiit, Tlie treugb^ were Indlm-Hl go tiiut a thin Inytjr 
i?f abater flowed from one tnnigh to tlie jjcxt In tMs heater wiis tullircted and 
nbfflorbed Into the wotijf froin tlic snu^s rays Si^riOO bnst nntta per hour at 
noon, or 317 tieat unltrt per hour per mmte foot of glass expci^ed to the sun. 
As, aceonliue to nceepted solar obaemitioiin, alinut heat units tier hour 
ixarhwl n H^ttiore foot of glaRs, tills heater was sbowitig th^ surprising eillclenry 
of 85 per cent. niki\ cotlecittug uoiirly twice asi much Bolar heat per failure fiNit 
iTi-r Ijout aa did the nppanitiis of Erk-^n. Of tlie lost hoot I eatlnsatod Umt 40 
beat unita were reileetf^l Pttnl ab^rbed hy thi* gln^w and that 23 heat units wia-e 
rcidlntoil. On eloudy dfi)S the wTiter muld be henteil by homing fueL A 
scTlptlon of this pliitit appeared la il ^5L Lou^ paper and la a Now York piipef, 
huh BO fur as I ktwiw. It has not beon meatlonjod la any teetmicul pubUcutlon- 

It wfts then ilecldod lo build n sun-power plant ou the dcaorh and «ome land 
rt iHiut II mllo froiij The Ni?edlHh Ctd.. w^aa purchased for n site. 

I No: only am 0.70x1.03—1^2 oMerl«> pec iH]UBli^oc^ltlIll«tc^■IDlnllte^3)0 

B. h u. pcf witLirch-faDt-lionr. 

1861A'^ux lOlfH-11 
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This Needles pluiit Uiseil sulphur dio^de, stid ite results decided 
them to build a larger plant, which Willsiu b-j;oaku of m their third 
siui'power pluiit, imd de^ribus ils ferllows: 

A 3l>l]0Tisi![K^Wiif on^nii wah ronriwti^^i to hd ofun-^ilr wat^pslrlp 

coDilimHi^r nM to ii Orthtub^^ Suebt-ri by 10 tcct huvln^' flftjawo MdcU 

Tbo JhiwliJ llo^red Uiroot^li tbo tutKS gt^ln^ up Its bent to 

the ^Iphur (iloElile whhhx tllu Ek*Uer pmanifes of evor 200 pounds wen* 

v&flUi' ubtnlmat. Tlie eisglut* otpemied n cfnlrlfu^nl ptimp, lining Wiitcf ffu^o ti 
we] I 4^ feet deep if^ch and eb^o a cooipreesoe^ In addJtlun to two dtctilDtlctf: 
paiiips. 

Their fourtli pliiut waa a rehnllding of the third, and they tried 
tlie espedient of covering the heat-absorhing water witli a layer of 
oil. but the ii!sult£3 were not so good as when a heat-absorbing Ihjiitd 
fwnler, or oil, or n solutioD of chloride of calciuin) W'lm rapidiv 
circulated in a thin layer. The sun-heat alnsorber for this plant wj^ 
in two sections, one covered with one layer of and one witJi 
two layers, and both on a slope, the litiuid running from the first to 
the second, and its teuipcnitura in the two sections lieing F, mid 
180^ I’.j respectively. The litjuld at IM® F. was distributed over a 
*'heat exchanger^ conrisling of horiKontnl pijn-s about 3 inches in 
diameter, uminged iiJ a vei'timl plane, something like an air con- 
dcni?er. The pipes contained sulphur dioxide, and the hcut-atisorhing 
liquid lost about i00“ K. iu its descent. TJie cooled liquid was 
returned to the two sections of tlie absorber to la; reheated. Tlie heat 
exchanger was inclosed in a glass-covered shed. Willsic says: 

Tht* unglai- uaiI la thla axpcrftuent wna a vertleat autonuitlc cut-off, wlilcli 
at tlmaa, with u hoEior prvaacn! of il.'p lajuotla, proitalily dereloiHHl iS horaa- 
Fawer. 'I’lif two-Ia-ater itectItKu? expuacd all area of aHoiit I.IKIO eiguare feet to 
I hi! baa. 1)ut as the hwn wftjs taken fram atonige antJ net direct]]' from the 
lasitfT. It Is nut talf to itasnaje the uhovo proportlou of heater aurfacv to hen»L-- 

pOIV-fT 

The ciiiak'n!wr oraalstea ef (J stiirka ef liorhuKitai iilpes, 12 jiipes to tluj 
staelL The cmllDGr water, jutmjwd from a well 43 feet ileup, hml a temiicroture 
of 75 '" h\ OnJy cnougli water was allowed to drip over the plpr* to ti.1.11 Uicni 
wei. null t«j sriwt was thv eiutwBtlon In the drr desert l.n‘«:e thiU the cuollnjj 
water k-ft the lewer pipes at W, Uy owitig the cwillnn water ,aer and ovw, 
Utc ctmilK tiwr kbvo ver)- sniJjrfBetorj' rwnilbs. .\ ahiidc of arrow w«d. a stroliflit 
wlllaniike ahrab abaqilant along the Coloriida Rieur, Ift,.! ihi* attnflMnc from 
the cuntlenaer pt|a>(} and pcriiiUtcd a gticd air clreuladon. 

IVillaic estimated tlic cost of his sun-power plant, complete with 
eugmo, at £33 12s. pei- horsepower. 

With regard to T\'ilkie'3 results, it is to be noted that 377 B. t. u. per 

hour memis an efficiency of per coqj;, for we now 

know that a maximum of only about 2W B. 1. 11 . per square foot per 
hour jwnrirate the atmosphere. The author agrees with the r>0 per 
cent efficiency given a little earlier by Wiilsie. 
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Prank Shuman, of Ajiierifs, f>tnrt«] oa the problem in 1?WX!, luid 
in l!H»7 hu Jnid ii pliiLiit miming whitrU derdnpctl about HI Imracpowerj 
1,200 )i(|UHre foot of ffunjdiine full onto a fijied, horizoiittil wal^ Ixjx 
with u glass top. In the water there were rows ol pamllel horizontal 
black jiiiies containing ether^ and exposing 900 sijUare feet of surface 
to the solar Filiation. The water alsti iHecwnio limted and tuuveyoil 
heat to the under sides of the pifwa. The ether boiled, and Us 
“steam ’ drove a small vertical, simple^ single-cylinder etigine. The 
etlier vapor pa.$tei] into an air surface condenser, and tlio 
llqtlhl ctlier from this was pumped buck into the tubes of the '* boiler’’ 
already describe^]. 

This plant, ifihuman soys, run w'eM even when snow was Iviug on 
tlie ground. This at first soems very remark able, hut though in tlie 
ivintci’ the iiutuher of solar rays falling on a given horizontal area is 
smaller than in summer, the [lemtcubility of the atmosphere is about 
20 jier cent greater in winter tliiiu in simitner. w'hich counteracts the 
other etTect^ but of course the h»?s of heat l>y conduction from the 
Ijoilcr is gii'jiter in winter than in summer. 

Jn 1910 Shuman eoiiidructed an e,viicriuientni unit of un absiirljer 
tneasiiring 6 by 9 feel. This unit combiiuoi the lamellar boiler of 
Tellicrand the “ hot bos ” of de Saussure, for it consisted of a sliallow 
black bos with double glass top, wjtli I inch of air spuce l>etweon 
tlie twolayei-s of glass, another air spare of an inch bit ween the lower 
glass and the boiler, whidi woa o feet long (up the slant), 2 feet 6 
inches wide, and inch tliiuk over all. The box wuis so slfqicd that 
at noon the rays of the sim were perpendicular to the glass. The box 
was not moved to follow the sun, but it was adjusted about every three 
weeks, s« that tlie condition just nameil was complied with. Tlio 
nt-niarknblc thing about the absorber was that there was no concentra¬ 
tion of anv' Mud of the siioshine by mirrors, lenses, or other means, 
and yet the author on one occasion recorded a tem]ieratiire of 250* f! 
in the box. The best run of an hour’s duration produced stcjun nt 
atmospheric pressure at the rate of Ti pounds per 100 square feet of 
sunslutie falling on the U.x. The aiithors tests of a Shuman 1(MJ 
hoirsepower low-pressure eiigiue at Eiith showed the steam consump¬ 
tion to be 22 [Kmnds nt atiuosphcric pressure per brake-horeepower- 
hour. Hence, with an absorlwr of the type just described, it would 
he necessary to collect solar indintion tn tlie extent of 300 square feet 
per brake horeepoivcr, which is a much Inagcr area than any named 
oy other workers. The ntu.ximum thermal eflicieney of this absorber 
was 2-1.1 per cent 

f English capitidists, Shuman con- 

striicted his third absiorber at Tncony (a suburb of Philadelphia), 
which was almost identical with the one just dcscrihed, except that it 
had two plmio mirrors, one at the upper edge of the “ hot Imx” and 
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otie rtt die lower, eo nrmn£?acl thnt square- feet of sun.^inc were eon- 
eeiitnited onio 3 square feet of hot box h e., the cont^ntroth^n wn?; 
Si to L pnsition was ndjuirteil about eyery three weeks. This time 
the total iiuantitr of solar radiation collected was many ttmes fwi hirge 
afi the largest colleotod by any previous worS^er^ f<ir the tutal area 
was lO^JKi square feeL In the Isest run of one hour this plant pro- 
diiml 81fl iMHinds of E^tooin at atmofqilierje pn?fi5iin?. Thiii Is at the 
rute of U poiincla per lOO squall feet nf sunshine^ and tliorefore ofpnva- 
lent to iin alloT-vance of "ilS ^uare feet i>f sunshine [jer brake Imms- 
power. The inaxiiiijum tlienual effieienry of this ahsorher w'aa iill.fi 
(M«r cent (pi. -1). 

Toward the end of I^>Il the Sun Powder Vak < Eastern lleiiHSplipre), 
(Ltil). reqneste^i their L-onwiiltiTig engineers {^l«*inv A. E. Ai^ker- 
niarri ami V- T. Walrond) to fielet:t and invito simie distliigukliCH;! 
physivist to join them in a consultative capacity. Prof. C. V. 

Boys, F. It. S.H, IwTiiiie ns^Kriaterl with the work, and he augg^'st+^l 
a vital change in the slesign of the fibsi:jrl>er, vi7.j that the Ixiilei^ bIiouLI 
he pIjiTOl oil eelgv! in a channel-shaiied reflector of paial)oJic cross 
pectJofi, so that !^lttr nidijitlon wa^ reeeiVLHl on both their snrftices, 
injriiead of one l>eing woi^ than idle^ as it was when the boilers were 
placed side on io tfie sun. The design inimediately received the 
heorty approval of the qotuailting engineers anti Slitiinanj and at tlie 
time we all lliought the arrangejneiit wiis nnveh but tbe aiillinr bits 
since found and rwnvtled herein tliat Ericsson used a very similar 
reflector ami boiler. 

An alRTorl)erof this iledgn was constructed and ereeteil at Sleadi on 
tilt* Nile. 7 miles south of (^Liro, in 1012, but the lioilcr was eonstruetcfl 
of tiun sdne and failed l>ofoiv? tho oflidal Icsts could Ijc niade. Tins 
iRuler w as replaced by a emst-iron fme in IflPb and the author (fiamm- 
pnnied by hi^s old pupil, O. W. Hilditch, A. JL lust. C. E.j as his chief 
iissistant. now Litnit. Hilditch of the Divisional Engineers, Boyal 
Naval Division) spent two most Intcre^Jng montlrs with the plant in 
iTtily and August, lfll3* He went out in time to tune up the Shiifunn 
engine (a IWdiorsepower one) taken out from Tacony, and miikc all 
the nect^Eaiy preparations for the trials, of which there were over tlJS. 

In addition to the alteration of the shape of the reflecton:^, another 
very inii>oitaii( change was fnado., Tlieir axes were placed north and 
southf and they were automatically lieded over from an eastern aspect 
in tljc iDctniifig to a wesftm one in the evening, so as to follow the 
sun. Thus the ^me number of solar rays were eauglit all day long, 
and the small decrensie m steam production in tho morning and even¬ 
ing was almost entirely due to the greater thickness of atniosidicre 
through which the rays had to pass. The total area of snoshine col¬ 
lected was 13j2fiy square feet (pis. 5 and fi). 
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The boilers were placedi at the f«-'us of tlie rellcctOTS miU were 
covered with u single layer of glass inclosing an nir space around the 
Iwilers, Each cbaimeJ-ehaped redector find Its boiler was SOii feet 
htng, iind there were live such sections placed side by aide. The con- 
centmtioti was 4^ to 1. Tht maximum quantity of st«im piwiiiced 
was la pounds per lOO squore feet of sunsdiine, etiuivalcnt to 183 
square feet per brake horsepower^ and the maximum thernml efTnrieucy 
was 10.1 per cent, Tlie best hour’s run gava 1,44'i pounds of steam at 
iitniosphrric pressure, henre, allowing the 22 pounds of steam per 
bruke-horBepow'er-boiir, the maximuin output for nil hour was riJi.S 
limko horsepower—II result about 10 times as large ns nnv thing pre- 
vlmcily ntulnerl, and wjual to ft3 brake horsepower par acre of laud 
occupied bv tiio planL A pleasing ruaiilt was that the output did not 
fill! off much in tins morning and eveuingi. Thus on August 22, 
the average power for the live hours’ run was no less than 5D.4 brake 
horst'power per acre, while tiie luaxiniiim and minimum power on Uiat 
day were <13 and S3.4 brake horsepower per acre, respecti vely. 

The work of JOI. G, llillochiui and Ch. F6ry was started in 1903 to 
determine the solar constant and tho temperature of the sun. Their 
work is recorded in Cotnptes Itendus for 1900 and IW, and in the 
Revue Scicntlfique of Septemlier 7, 1907, Tlicy give the abaplutc 
temiH'nitui'e tjf the sun as 0,042" C.,aiid tlie value of the sH>hireoiisttHit 
us S.!i8 calories per square’Centimeter-minute, Tlits latter value was 
the result of esiierUncnta they made on tlic sunuuit of Mont Blanc 
in 1903. 

The article in the Revue Scientifique of Septemlicr 7, tno7, ia by 
Milbjdian, and in it he gives the following list of esperimenters and 
the results of their determination of the solar constant, after i-eading 
wliich some nmy consider the wortl “ eonKtaut” u mih-nomer; 


J'liUllkt. 1S3T-—--------— 1,7B3 

FrjrtWS, I84i---2-82 

O'Hagen. 1S03- -- -—-1.9 

VotllCi ISTO-----2.28 to 2.37 

1884-—---ttOflS 

Su voltef, 1880,.,-- - „ . --- -—--5, 47 

Pi.r[n.‘r, 1SS0-----EOS to 3,33 

An^trCui, IkftJ—..4 

na»Hky. ---- ■---- 

To tliesc we may add: 

Iti-fMliel. 1837.,^^...t.98 

Ftrlcsmu, 187B----—------1. D3 * 

MlllochiiD niwl tV-ry, 10U7---E 83 

At>lK*t. lill 8 ........ 1 . fiS 


In spite of this history of comparative failures, the author is of 
uptnion that the problem of the utilization of solar energy ts well 
worthy of the attention of engineers, for even now it is very nearly 
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Q solved probleiik where there b plenty of sunshine nnd coal coste 
£3 JQs. a ton. It is fortunate that where coal b dear snnshine b often 
pleniifttlj and it b to be remembered tiuit coal w*ill gradually get 
dearer while the cost of manufacture of eun-power plants should 
decrease. Sun^power plants are admirably suitable for pumping in 
ronnection with irrigation, for where there is most siinahine there 
IB need for most irrigation, and the slight variation in the cjuantity 
of water pumped tliroitghout the day docs not matter. Also, whan 
temporaril 3 ' there b n(» anushine (due to clouds), probably little or 
no irrigation b required. 

In conclusion, the author would refer those who are interested in 
the subject to hie paper (8vo, 80 p., S2 Ulus.), bearing the same title 
us thb one, presented to the Society of En^^cers on April 0, 1914. 
Therein he dealt fully with tlie whole of Shuman’s work from 
J01(b-1913, btduitive, and gave detaib of tlie reaulta of the 02 triab 
of the plant made by the author in England, the United States, 
and Egypt. 


THE COXSTITUTIOX OF MATTER AND TFIE EVOLFTION 
OF THE ELEMEXTa^ 


By PkpI Sip l-tt-tWmfroHDp F. fl. K 


[Wkh n pljite&] 

Speciiliitions m to tlio constitutioD of mutter have o^upicfl an 
iinpartiizit plnm Jn tJic development of seicntific Iknovvlodge.p The 
idea that all matter wa& composed of minute part ides called atoms 
was put forward long ago hy the Greek pliilo$oplici's and was ad¬ 
vanced ogam with varying degrees of conddeuee by philosophic 
mon nt the dawn of the siclentide age. For example. Xewton sug¬ 
gested that aiaitcr wiia coiupo^^ of atouia lyhSeh were likened to 
^hard massy balLs,^^ while Itoliert Boyle rcganletl ii ga^ to consLt. 
of atorm which were in brisk niotioin The first definite fornuila- 
tiou of the Jitomic theory as a scientific hypothesis was given by Dnl- 
tom of Manchester. In ISKKJ in order to cxphiin the combination of 
atoms in mullipk proportion. The necessity of disting^iishiJig be¬ 
tween the chemical atom and the chemical rnolecnlo was soon retng- 
ni/ed, while llic famtoits hypothesis of Avogadro that equal volumes 
o-f all gases at the same temperature nml pressure contain cKiinil nuin- 
Iwrs of molecules still further extended tlie u^fulness of the theory^ 
The whole ^irperstriicturc of mfxlem eheniiiitry has been largely 
reored on the foundations of the iitoiiiic theory. Tito labors of the 
chemist have revealcfl to im the pirocnre <if more than disliiid 
tyimi of elements, each of which has [i clnmicterbitjc atomic weighty 
and in most cases siiUtdently distinct physical and t'heinif^il proper- 
lies to allow of its sejjaratiou froili uny oUicr clement hy the applica¬ 
tion of suitable lucthoda. 

It has gimerally assiimecj that it 11 the atoms of one element 
arc rdciilica) in sfuipo and weightj and until a few yuare ago w'crc 
.supjKxsed to l)e permanent and liidcistriictible. The close study of 
die variation of chemical properties of the elements with alWie 
weight led Franklantl and Mendelief to put forwanl die faruotiii 

perioilic hiw,'’ in which it was shown that thci^ w^as a i>crio(iic 

»tej 4? wmiADi Ei]i?nf rioit r^-qr?, liiUwffd m hdhuiI njtfrtiiajf tsf ihi^ 

Afinkxsy nt ik-l£DC««, WvblqgtOD, I>. CL, 1D14, neprlAtad Uj atnakildn. 
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^'urjfitiou in the chemical properties of elements when arrangccl in 
order of increasinjt atomic weight. This empirical generalizntion 
has exercised n wide influence on the develop'nicnt of chemistry, luid 
the periodic law has been coiiflidered by many to indicate that all tlio 
atoms are composed of some elementary substance or protyle. It ia 
only within the last few years that our knowledge of atoms has 
reached a stage to offer a reasonable explanation of Uiia romarkablo 
periodicity. 

Time does not allow me to more than refer in passing to the im¬ 
portant contributioiis of X*e Bel and van ’^t IIofT to the structure of 
complex molecules and the airangeim-nts of tlie atoms in space, 
which has exercised such a wide and impoitiidt influence on the de- 
veiojmient of organic chemistry. 

, WljUe the chemist was busy disentangling tlie elements, determin¬ 
ing their relative atomic weights and studying their possible eonihina- 
tions, the physicist had not been idle. Tiiie idea that a gas consisted 
of a large number of molecules in swift but irregular movement 
had been tentatively advanced at various times to explain sonio of 
the properties of gases. These eonceptions were independently re¬ 
vived and developed in great detail by the genius of Claimius and 
Clerk Maxwell about the middle of the last century. On their the¬ 
ory, now known ns tlie kinetic or dynamical theory of gases, the mole¬ 
cules of a gas are aupj^n>scd to be in continuous ngitutiou colliding 
with each other and with the walls of the containing vessel. Their 
velocity of agitation is supposed to increase with temperature, and the 
pressure is due to the impact of the molecules of the gas on the walls 
of the tne!o(S)ire. This theory wiu! feumd to explain in a simpln and 
ohdoiis way the fimdamenta] properties of gases, and has proved of 
peat importance in molecular theory. The idea that atoms must Ijo 
in brisk and turbulent motion is strongly supported hv the well- 
known property of the interJifruslon of gases and nWof liquids, 
aiul in recent years has received practically a direct and concrete 
proof from the study of a very intere.'^ing phenomenon included 
imder the name “ Brownian motion.'^ The English botanist. Brown, 
in 192 i dtscove^d that small vegetable spores Immersed in a liquid 
Hppcare<l to lie in rontinuous motion when viewed with a high-power 
microscope. This motion of small particles in liquids was at first 
supjioaed to be a result of temperjiture dlsturbuncea, but at tlie rloso 
of the Inst century the Brownian mo\ emeiit wns shown to be a fundu- 
mentiil property of small jjarticles in Hquirk The whole question has 
been investigated in recent years with great iibilitv mid sbiU bv Per¬ 
rin. lie examined in detail the state of equilibrium and of motion of 
imnute particles in Buspensioti in lj<jtiids. The excursions due to the 
Brovi-nian movements detieud mainly on the sixe of the particles 
iilthuogh influemT'd to some extent by tlie nattitv of the l]i|iijd. Small 
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spheres of the dze t^an be produced by s vari^^ty uf ine^kods. 

One of the. simple^C used by Perrin l& to alJow n ^lutiun of purtf water 
to pour slowly out of a fminel under on alcoholic solution of gum- 
bogs or mu^lc« An emulsioti i$s formed where the layers iiws^t which 
consfists of a great tiUmlwr of minute spheres. When these ]>articlE^ 
are Tioweil in a strong light with a high-power microscope^ they nil 
exhibit the chantcterlstie Browniiin inovemcut; L o*, the purtides 
dart to and fro In iiregniar and tumultuous fashion and never ap¬ 
pear to be at rest for mure than a nuuimnt. The moLions ol these 
smull purtidcs under a mici'oscope irresistibly convey tUo impres¬ 
sion thot they are hurled to and fro by the HU'tian of myEiteriou^ 
forces resident in the solution. Siidi a result is to be anticipated if 
the moleculss of tlie Iif|uid are them^lvca in rapid though inrtsible 
tiuniiltnonB motion of the kind outlined on tlio kinetic theory. The 
particle 33 very large comparetl witli tho molecule, and it is bombarded 
on all sides by great numbers of molecules. Occadonally the pros^iiLire 
due to tho bombardDieiit is for a moment greater un one side uf tlio 
particle thitn on the otherj and the particle is urged forward, until a 
iiutv distribution of impads hurls it in another direction, lu fad. the 
movement of these particles has l>Ben found to conform exactly with 
that prtilicted by the molecular theory. 

It wouhl take too long to disetiss the remarkaJile eoudusiens that 
Berrin has reaehecj from u study of the dwtribution and motion tif 
email partide& The particle which may be an ngglomeralion of 
ninny millions of molecules l>ehaves in many i^pects like tho much 
smiiller molecule- A great iiuiuUt of particles in a li^juid do not 
distribute tlicuuselvcs imifonidy under gravity, but the niiiuhets de- 
crvaif® with height accordiug to the i^aum law as the gases in our 
atmohrpliere^ 

On the kinetic theory we dnis liave strong evident'C for beiiavdng 
that the atoms of matter, whether in tho solid, liquid, or gasei)iis 
form, are Jn continuous agitation ami irregular motioiL 'Ilie ve¬ 
locity of agitation decreng^ps witli lowering of tcmj>cratui‘e. and 
at the lowcat iittuinable temperature the riioticin has either ccu^mJ or 
liecome very sma li¬ 
lt is well known that under suitable conditions the same typo ijf 
meitter can exist in throe distinct form-s—solid, liquiil, mid gas. 
If we take the ordinary air of the room, it can \mb tnmyd into a 
dear liquid under certain ^tinditions of temperature niid pn^iuire, 
»nd this liquid can be fro?:cn Efdiil by still furtlicr lowering of the 
temperatuiie. The most refractory gis of all, helium, has oiilv 
recently t>een shown to c^mfonn with the behovior of nil other 
and to pass into a liqiiid at ji temjHsratiirc only a few drgrt?i»s re¬ 
moved from ab^lute ssero. The remarks hie changes in ap[w:ironi^* 
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and pliyaical qualidi'^s of an tilemcnt in passing from one state to 
another is a matter of comuion knowledge, but it b not for that 
reason very easy of explanation. These changes are iielicvcd to be 
connected with ilie overngc distance which separates one atom or 
molecule from the otiicr and their ropidit.v of motion. Tn the gas 
or vBpnr fnrtti llie molecules nre, on an nveritge, so far apart- that 
tiieir mntiial attractions are relslively uniinportant. With lowering 
of temperature, the distance and rapidity of motion of liie molccnies 
diminish until, under certain conditiotii., the attraction of the mole* 
cnles for one another pi-edominntcB, resulting in a much cither jwick’ 
ing and the iip]>Garance of tiie lifpdd foim. Tlie molecules, how¬ 
ever. still retain a certain frectlojii of motion, hut this is diminished 
with towering of the temperature until ut a certain stage the mole¬ 
cules form u tighter grouping, corresponding to the solid state, 
where the frifdom of motion of the individual molecules is much 
restricted. Tn order to account for the resistance of »olhU to com¬ 
pression or extension, It hns been supposed that the force Iwtween 
molecules is attractive at large distuiiccft, hut repulsive at small dis¬ 
til nccs. TVliIle wc arc nble to offer a gt'neral explamition of the 
passage of an dement from one state to another, a complete esplu¬ 
nation of such phenomena will only bo possible when we know’ the 
detailed structure of the atonm and the nature uiiH mngnltude of 
the forces between them. 

While the kinetic theory of gases has proved very succesafiil in ex¬ 
plaining the fimJnmcntnl properties of gases, its strength, and tit 
the Fame time Us wcakniiss. lies in the fort that in most cases it la 
unnecessary for the cxplitnnticm to know anything of the atrudure 
of the atom nr molecule or of the forces lictwccn them. Tn sotne 
invDStigutions, in order to explain some of the more recondite prop¬ 
erties of gases, flisumplions have been made of definite laws of force 
helweeti the molecules, hut jio vety definite nr certain results huve 
ao far been achieved in this dircctinn. It should, however, be pointed 
out that the kinetic theory nlTorded us for the first lime u satisfac¬ 
tory method of estimating approximately tho dimonsinns of ninle- 
eulcs and the actual nuuii:ier in a given weight of mutter. As tiu; 
recTut deve[o]mietit of seienrc has provided ti» with more certain 
tiu-lhtKls of eatiinuticn of tlipi*i important ipiuntUies, wc sliall not 
cuter further into the qiicstioti nt present, 

CBTSTAL.S, 

There is another very striking form that matter sometimea as- 
auniftj which has always attineted much attention, and which has 
rtoMtIy emerged into much prominence. It is well known that the 
majority of substances under suitable comJitionE form crystals of 
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definite geameinc&l fnrmj whicli is characteristic of the pArticuhr 
atoms or groat^ft of atomE. The great variety of cryidal forma tliat 
arc known have nil been classiGed ns Ijclongiug to one or mure of ihe 
2S0 forms of point ^lymnietry which are theorclically po^ible. 
T\TiUo considerations of syiniiietry are a siinicient guide to the classi¬ 
fication of crystals, they offer no explanation of the definite nrehi- 
tectiire of the crystal nor of the uatme of ilio forces that cause tlie 
atoms Of molecules to arrange themselves in mdi definite geometric 
patterns. IVe are inevitably led to the conclusion that the atoms of 
the crystal aie arranged iiecording lo a definite system, which is 
characteristic of the particular crystalline foitn, and the unit of 
structure is repeated indefinitely with continued grrswth of the crys¬ 
tal. In fact, if we had no other ovidence, the crystalline form of 
matter w'onld itself point to the necesSiSity of an atomic structure of 
mutter. 

^Vliile many attempts have l>cei]i made to explain the grouping of 
the aloDiB ill a crystah there has Ijcru; on the whole little success, with 
the exception possibly of Pope nod Barlow's theory that the atoms 
take up the pusition^s of elo!$e$t packing, the dimensions assigned U* 
the atom depending on a (piaiitity eonneclcd witli its dienticsl v alency. 
It is only within the hist year that a ricw' and powerful nicthotl of 
attack of this problem hus boon developed, largely throngli the ex¬ 
periments of Prof, Bragg anti his son^ W, L. Braggn On nca^nnt of 
the definite ordering of the atoms in a crystal, it nets like an almost 
perfcHi't o|>tic«l grating, only in three dimciismns, wljere the grating 
space is exceediiigly small—in most cases aljoiit one oiie-hundrefl-inih 
lionth of a centimeter* Lttue showed that when Bontgen rays passed 
threiigh a crystal definite interference patterns were obrerveii. This 
ri«3ii]t wa^of great impoitunce. as it showed that Uonigen mys must 
dotii^ist of very short ti'ansvcr^ waves akin lo tltose of light. Bragg 
showed that the reflection^ or rather diffructiouT of Bdiitgen mys 
Incident on the f.ice of ei crystal allordtHl a very simple methoii of 
dotermining the wave length of the bright linc5 generally pre^^ust 
in an X-ray spectrum. By a study of the position icnJ inteimity nf 
the spectra in ditTerimt orders tlirown by the crjstoJ it was i>tissible 
to examine in detail the sitructure of the crysttil, and to deduce the 
grating t, c*, the di^itance Ijclween successive planes of atoinsL 

The subject is so large uud tlie discovery of this metlnxl so recent 
that so far only a few of the ty[Hcal crystals have been exaiuimNl, 
but in tJiese co^ wc arc able to obtriin most positive evidence of the 
grouping of the atoms in the crystal. The results indicate that the 
atom and not the molecule is tlie unit of the crystal structure. Coix- 
sider the structure of the simple cubic crystal of reck salt (sodiuTn 
chlorideThe structure of the cti'Stal deduced by Bragg iB shown 
in figure 1. The sodium atoms ore marked by black spheres, the 
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t'hbrine ntoms by white spheraa. The simplicity of the crystiil ftrclii- 
tectnre ia obviuuit. fnr all the atoms arc eqTiidlstanU The stnK^ture 
of the diamond knioro complicatiul. but it Is one of great inU'rest^ for 
ail the iitonis in those ense^ are of one kind^ oarlHXi- The Htmeture 
found by Bragg in seen in plate 1, figure 2, Tlie aloms ate all equb 
distant, but tlie general nnniigemont differs marketlly from that of 
rock ^IL It is seen tlniteach carbon utotn is linkctl with four ncigli- 
iHirs? in a i»crfectly symmetrical way, while the linking of six carbon 
atoms in a ring is also obvioua from the ligtirc* Tliq distance between 
the plates containing atoms is seen to alternate in the ratio 1:3, This 
variation of the griititTg space is brought out clearly from the study 
of the si«?ctrtt. and is nn essential featiiro of the structure of the 
diumonth Tlie cubical arrangement U sliown by turning the model so 

tliat the lines joining the atoms 
are vertical and horizontal (n|. l, 
fig. 1), 

Now that we have o metliml of 
dctermlTiing the amingvinent und 
distances ajiart of the atom in a 
crystal, tlie next step will la* to 
exftttitne the intejisity and ty^ie of 
forces which are brought into play 
to kee[i the atoms in otjnilibiinni 
and relatively fixed in their plawss. 
It ifi'lo U exixicted that the atoms 
are aide to move t<» and fro almut 
. . dieir position of etpiilibritim. and 

this IS indicated by the effect of lowering the temiieratnro of the 
crystal, for tlie intensity of the diffmetion sfiectra increases ns the 
amplitudw of motion of the atom diminighes. The sharpness of the 
tliffmction spcclrn siiggissts tiiat the atoms are not only iirransi-d al 
definite ilbtunces from one onotlicr, but that each atom is orienbtted 
in a definite position with regard to iLi neighlxir. 

tMiilc varieties of crystals are known of all degrees of liardiiei^ 
the %vork of Lehmann has brought to light the tmexinaleil existence 
of crystellme iirrengemom in wane liqindii. Thew Ii«|nirl crystals 
are best sliowu in certain complex organic atil^tancea at a teni- 
periiture alightjy nlmve their melting point, and they are only obserr- 
ahlci m the Uquiil by the pattermi and colors* developed when 
pobfizetJ light passes lhr<mgh them. These crystals are mobile, like 
a drop of oil in a iMilutton, mid can bo sijueest^J into a vanctv of 
pattei rrs. Such results would indicate that the molecules of the liquid 
have a tendency to arrange tlicmselves in ordered patterns, althoitgli 
M ts diAcuU to understmiil how the freedom of relative motion that 
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ifi ^pposc^] td charaoti-rizc? a liquid can contcmporaneoush" 

^ with an orileryd lirrangemi^nt of somd of the constituent moletniliis- 


LIGHT SPECTNA. 

Wc will now flimii o iir ot tent ion to minther tyiw of plienotnenon 
\vhit‘h iikimotely prniiii^sto thiow mucU liglit on the detailed stme- 
tnre of ihe otoin. IVhon the light fiom m\ incAndt^^ent viipav or 
gas is pasi^eil IJirough a |5rlsm nr ndleeteil from a gmtiiJg it is re- 
irolve^l and gives a chameteristic spectruiji conaiKtnig of a fuinil>tT 
iif bright lines- Uy giiituhle methiHls^ tho wave length of these 
raifiatinnii ran be ileterinineLl with great aeeumcy. l-acli of thi*'^^ 
lines represents II itefinire ancl cliaraeterisiiG mode of vibration id the 
atom* ami from the exceeding complexity of the spectra of many of 
the heavy eletJients we arc forc^l to concJuile tiiat an atom euii vihrate 
ill i\ great vui'iety of wsiys. When tlic mcuiiing of the dark hues 
m the Sdfjir spctlniiii wa^ correctly interpreted wc weaifi enabliKl at 
one stride to extend our nietliodii of obserratjfin to the sain and the 
fartla^si fixed stars- It was soon mogniKcd Umt atoms of the same 
element always vibrate^! tlie smme way utiilrr all conditions. It wa» 
found* for examplej that hydrogen atomic m the earth rihratcfl in 
exactly the Btunc way as the same atonis in a distant star. The iiu- 
portant bearing of t\m result on the stnictiire of ntoms was pointed 
out by Clerk Maxwell in his'well-known aildn^ on Atoms and 
iloleculea, t>efore the British Association, at Bradford, in 1873, 
from which it is iDlorcstjng to quote the following: 

la ilic hcavf^H we rtteit^tivin- bjr their ILglit ami hy Miclf alaiie, stars so 
dleilaat from enrh other thal ao material ihin^ ran owp bu^ pn-wil from nfie 
to anolher; nai! yet UiIk llifhlp whkh Is to lia, ibc solo eiiUciidC of die cxliaent'^ 
of these atsiant vvorl^bi, irlla m alsi» that each of Uicni la Isullt op of naileviiJea 
of tin? saaie Idada m those wUlcli wo nrwl dd oarth. A mnleculo of liyi!Rifo?fu 
for example^ whether !n fUriiui nr In Arrtiinis^ esooalies to vnimtlotiB In 
prt'cliely the entne tlirte, Kmch lootisaile,* ibtix^fein*, tiimnahoat Iho anlver?^ 
beaiTt Injprt^iSdetl aj^^^n It Ihe ?ituiiip nf a metric nyaiem m distinctly ao (Jden rtie 
nicttLT of die ardiivGS lit Fifrig; or tho douLlo roiral enblt of the leniplo of 
KaiUHC, 

No theory of ovolatloD cna be formint to uccouat for the similarity 
moIii?cnles, for e^^olntloti amaiiarlly Implies coiiUDatiiac elinm^, and the molecale 
is iDcapoiile flf pmirth or of jssem^ntlati nr deatrnrtlon. 

Nona of the jirocvwa of natare, Elace the time when imtare be^m have 
prcMhicea the dlffemii.ie iti Uie propcriles of aay aml4?eule- Wt are 

therefort^ unable to DBcrlbc either the extetefice of the molecules nr tl ie Idem tty 
of ttietr pruiaTtli*^ to any of the which we call natural, 

i Ja tlie lit her hand, ihi* exact equal I ly of iwb mvilecuEe in nil otJiHra of tlio 
same fcltaj glvi'a ft, as Sir John Hem?lioI has well said, the esseallal character 
of a mEiaafnmn.*il mrtlckv and preclude Uie Idea of to l«jlng eternaE and self- 
exl^teiiL 


^34aJ^well uMd the tena ^ molwilfl where wr hdw uie (hfl term “atoai.' 
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While there ia no doubt dint im atom of nn element in the eartii 
or in a star vibriitea in identical fashion under the same phvsicaL 
conditions, it is now Icnown that the frequency of vibnition of an * 
eJeinent is not the exaet constant that was at first supposed. It is 
altered to a slight extent by motion of the sotirce, by change of 
pressure, and by the application of tnagnetic ntid elcclric fields. The 
apparent change of frequency of vibnition witli the motion of the 
iiotirce relative to tlic observer has piioved an invuliinblc method for 
studying the motion of store in the line of sight, while the displace^ 
ment of the lines of hydrogen in the sim lius, in the hands of Prof. 
Hale and his assistants proved of great power in Uirowing light on 
some of the physical conditions that exist in that distant body. It 
has been found that there is order and system In the great complex 
of mfxie& of vibration of an atom, and that many of tJle lines can lai 
arranged in definite series whose rates of vibnition are connected by 
idiiiple find definite laws. It is only within the last year or two that 
we have been uhlo to form sotiie idea of tlic origin of these ^[wetrB 
iind the incaningof a syiectraJ eerica. The fact tiiiil the lightest and 
pi-esuiuahly tlie amplest atom known, vix, jiydrogen, gives a very 
complicated light spectriiui was at first, ond quite ncitiimUy. be- 
lievwl Eo indicate that the hydrogen atom must bo a very complex 
structure. We shall see later, ijowever, that the iiydrogcn atom is 
believed to have an exceedingly si to pie structure, and that the com- 
pie.xity of the spcetriim is to be ascribed rather to a complexity in 
the laws of radiation. 

We ImiTj seen that the study of the spectrum led Slaswell to con¬ 
clude not only that the atoms were iilenticnl in weight and form but 
that they wen? the only permanent and indestructible units in this 
changing world. The apparent identity of tlie si>cctrum under all 
conditions certainly strongly supported such a view- at that time. It 
was believed that if some of the atoms were dianging, it would be 
shown by a ffradual alteration of their modes of vibration, i. of 
the spectrum. It was left to the beginnmg of this centurv to show 
the falliicy in this deduction, and to bring iimfoubted evidence that 
some clenienta at ieast are undergoing spontiLncous tramsforjnation 
w ith the [ippearunce of new tyt>e3 of matter giving a new and dmrac- 
tcristic spectiTjni. This question will be discussed kter in some detail. 

ELKt-TRONa, 

Before, however, considering the Ijcaring of radioactive phenomena 
ou the structure of the atom 1 must refer to a discovery which has 
exercised a most profound inffuence on the development of ph^mes 
in general and on our ideas of the structure of atoms. Sir William 
Crookes long ago found that when an electric discharge was passed 
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tiirotigh 11 vaimum tulw fit very Jow prcfKures n pwiiliar * 3^10 of rti- 
(lintion app€]ir<otl, known as the cathode raj’s. This radiation ap¬ 
peared to be projected from the cnttiode in stmiglit line® nnd, unlike 
light, was deflected bj’ a tnagnet. These rajrs excited strong phos- 
phoresrenct* in many substances in ubich they fell and also produced 
marked heating effects. Crookes concluded that the cathode ra.vs 
consisted of a stream nf negatively charged paiticles moving at high 
speed. The general projjerties of tliis radiation appeared bo re¬ 
markable tbiit Crookes cunchidcd lluit tbc material constituting the 
cathode stream coriicspondcd to a “new or fourth stale of mutter.” 
After ti controversy extending over 20 years the true nature of thca? 
rai's ivas fbnillj' imlopcmlesilly shown in 1807 by the experiments of 
IVeichert and Sir .T, J. Thomson. They proved, as Crookes had siir- 
niisr^d. that tlie rays consisted of a stream of negatively diarged 
particles traveling with enormous velocities from 10,000 to 100,000 
miles H second, depending on tlie potential applied to the vaeiinni 
tube. Ill addition, it was found tliat the muss of the particle was ex¬ 
ceedingly aniall, about one eigii teen-hundredth of the mass of tho 
hydiogen atom, the lightest atom known to science. These results 
were soon confirmed and widely extended. These corpuscles, or elec¬ 
trons, as thej’ arc now termed, were found to ho liiierated from mat¬ 
ter not only in uii electric discharge hut by a variety of other agencies: 
For example, from a metal on which iiUrTt- violet light falls nnd also 
in enormous nutnhers from un iueaiiilescent boilj’, Kadium and other 
radioactive sulistsiiees were found to emit them spontaneoTisly at 
mtieh greater speeds tiian thota* oliserved in a vacuum lube. It thus 
appeared that tlie electrons must he a constituent of the atoms of mat¬ 
ter and could be released from tlie atom by a variety of agencies. 
This idea was much widened nnd strengthened by the investigationB 
of Zcemim and Lorent!!, who ishowed that the radiation of light must 
be mitmly ascrilied to the movements of electrons of the same srnall 
mass within the atom. 

It docs not full within the scope of my address to outline the 
vepr important consequences tliat followed in man 3 ’ directions from 
this fundamental discovery of the independent existence of the 
electron and its connection with matter. It was found by Kauf- 
mann tlmt the ma^ of the electron was not a constant, but in¬ 
creased with its speed, and from this result it was deduced that 
the electron was an atom of dlscmliodied or condensed electricity 
occnpj'ing an exceedingly small volume whose m a ss was eutii'ely 
electrical lit origin. 

CMT OF ELEGTRieiTr. 

1 should mention here one importiuit consequence that has fol¬ 
lowed from these discoveries. From the laws which control the 
passage of electricity in conducting solutions, Faraday i-ecognbed 
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thnt ther? must l» a close ncnneetion between the atom of matter 
and itii electrical dmrg^. Waxwell mid llelmholt?. suirgestcd that 
die resuUs were simply explained by supposing that electricity was 
fitiJinie in nature. Tiiis concluaion is now definitely estiddisluHl. and 
the positive charge carried by tlie hydrogen atoms in the clec- 
trolyaa of water is Ijelievwl to be the fundamental unit of electrical 
chai’ge. This charge U etjufll to and o]ipiisite to the charge carried 
by the electron. Any charge of clwTtric'tty, however small or hirgei 
must !« expre®ed by an integral inultiple of this fundamental unit 
of electricity. The actuul value of this unit charge liati been ineas- 
lin'd by a great variety of methods and coneoi'daiit results. One 
of the inost detailed and neenrate investigations of this linportoot 
constant has been made hy Prof. Jllllikan, of the University of 
Chicago. 

OR.TT:CTt()NH T" .VPl’>SU*' TIlKCiRY. 

We have so far implicitly assumed ihiit the great majority of 
scientilic men now regtird the atomic theory not only a$ « working 
hypnitlnsib of great value but as uilording a oorrevt description of 
one £itage of the sulxlivi-sioii of matter. While this is tititlouhtcdly 
the case to-ilay, it Is of intet^t to recall that leas than iJO yeara agu 
there was a revolt hy a limited numlier of scientific men agaimit 
the iloraination of the atomic theory in chemistry. The followers 
of this school considered that the atomic theory dionld he re¬ 
garded as a mere Iiypothcsisf, which was of necessity unverifiable by 
direct eijMjriment, and sbould, therefore, not Imj employed as a 
liHids of ospiflnation of riiemistry. This point of view was itiucli 
stretigtliened by the recognition of the imwer of iliermodyuatuics. 
in affording a quantitative cxplanalioii of tlic dianges of energy in 
chemical reactions without the a.ssumption of any definite theory 
of the c<mfitltution of matter. This tendency advanced so far that 
te.xtbooks of chemistry were written in which the word atom or 
molecule was tatwio, and chemistry was based instead on tlie law 
of entiibination in multiple propoition. At that time it did un- 
doubteiily ap]ienr that there was little if any ho^H of finding a 
concrete proof of the validity of the atomic h^yiothKis or of detect¬ 
ing by its effects a single atom of matter nr a single electron, for 
it was known thnt the emallcst fragment of matter visible under ft 
high-power microscope must still contain many miUions, or even 
billions, of atoms. 

The march of science bos, ho'Wever, been so rapid in this direction 
that we have been able in recent years to show in a definite and 
concreUi way the independent existence of atoms and also of elec¬ 
trons in rapid motiao. 
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Ci>UiSTIXfi ATOMS ANO KMXTHONS. 

We filiallt first nt all, ccinsitler tht" methfxl devised by Hiitherford 
und Gcigi*r for detecting tiiid mordiJig the effects of sSiiglo idplin 
piirltdes from nutiurn. At this stnge it is iinnecessary to enter into 
cietaits of the nntnre of the transformations oociirring hi riidiouctive 
nmtter. It sufiioes to say hei'c that the atoms of u radioactive sub¬ 
stance are unstable and occasionally break up with espiosivo violence. 
In many cases tlic explosion is accoinpiuiled by the ejection of a 
L'bafgwl body, called llie alpha piirticle, witii a velocity of about 10,000 
miles a second. TIiokc alpha pailicles iirv knowni from other Inveati- 
galionst tf> consist of chargiKl atoms of the rare gas, lielium. The 
ptxjifpiiceof these rays is simply shown by the marked pliosphoreaccnce 
they set up in certain snWtances, I have hero a fine glass tube, which 
w.-<is filled about n week ago In Mimehester with purified emanation 
released from about one-fiftb of a gram of pure radium. In tiie 
interval of its journey acrofis tlio Atlantic the activity of tlic emana¬ 
tion bos decayed to about one-^piarter of its Original value. The 
glasa walls of tlie tiilie are made ao tliin (about one one-hunniredth 
millimeter) iliut the alpha rays arc able to escape freely into the 
surrounding air. They produce a small phosphorescence in the walls 
of the glass tube, which is just visible in the darkened room. On 
bringing near, however, a sciven covered with Ktnc suiphide, a bril¬ 
liant phosphorescence is observed, which increases in intensity as we 
approach the titlK*. Similar efft^cts are seen to be prodnewl in this 
Giy-stal of willemite, while the iry'Stul of kunaitc is seen to be tnms- 
Ilimit urid emit« ruddy light-. This phofijihoresoencc of nine sulphide 
and willetiiitc is duo mainly to the alpha rays, and frem the present 
emanation tube about 5,000,000,000 of these particles are projected 
each iwcond. 

In their passage through air or other (pis the alpha particles pro¬ 
duce from the neiiiral inulociiles a largo number of negatively 
cliargial particles called ions. The loniisation duo to the alpha par¬ 
ticles can be readily measured by electrical methods, and it can bo 
sbown that I be effect to bo espectetl from a single alpha particle is 
much tfKt small to detect except by vety refined methods. In orrlcr 
to tivercomo this difliculty Rutherford and Geiger employed a 
lucthod of magnifying automatically ecvoral thousand times the elec¬ 
tric effect due to an alpha particle. The general arrangement of 
the original apparatus is seen in figure S. 

A fow of the alpha rays from a radioactive substance passed 
along an exhausted tidie E through an opening D covered with thin 
mica into the detecting tube A B. The latter containei) a central 
insulated elei^trotle B connected with an electrometer, and the pres- 
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Eur* of ilifl gas inside whe adjnat^d to n few reatimeters of mercury. 
The tube B was connected with tha negative pole of ft battery of 
about 1,S00 volts, the other pole being em-theil. The potential was 
adjlisted so that 8 spprk was on the point of pas^g between A mid 
B, Under such conditions the ionization due to an alphfl jjarBrle 
[jnsaing along the detecting vessel la magnified several thousand times 
by coDiaion of the negative rmil positive ions witli the neutral iiiolc- 
cules. 

The cntmTtce of nn alpha puiiiclc into the detetrting vescl is then 
agnifici.1 by a sudden haTliatif throw of the electrometer needle, 
and the nimibcr of particles entering the veasel in a given time ean 



be counted by observing the tlirows. The am omit of active matter 
and its Jistutice from tbe opening were adjusted sso tiuit d to 5 alpha 
particles entered tlie opening tier minute. Tbe following table illus¬ 
trates tlie roults obtained: 
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Tt will be seen that tbe numlwr of throws varies from tninute to 
minute- This is to be exi>ected, since tlie chance of an alpha particle 
entering die opening is gfivcrned by tbe ordinary laws of proba¬ 
bility. It will Isj awn that two tlirows, marked by asterisks, are 
miidi larger than the others. These were due to tlio passage of two 
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nlphft particlw tbrdtipfb the opening wltUiTi a short interrnl. This 
rrnitily seen from the motion of the K|Mjt of light reflected from 
the eiectrnnirtcr needJe. As the needle wus moving slowl^v iieur 
the end of its swing, caused by one alpha partidCi ii second impulse 
due to the entrance of another '(vas oonimiinlcfite<J to it* 

lly tliia method the niunber of alpha particles ex[H;]l(?d from one 
gram of rudSiiru per seeoutl was determined. Of tourso only u 
minute fraction of the alpha particles was actually cmintcrl, but 
the total niinilier was deduced on tins jissumplion, verificil by ex[)eri- 
rneiit, that the alpha particles on an average were expelled ef|Ual]y 
in all iliret.*tions. In this way, 1 gram of radium in equilibrium was 
found to c.x])cl the enormous mimljer of 1.36X10^’ alpha particles 
each ficmnd. 

Anotlier interesting result followed from these e.'cperimenta. It 
luiB long been known that the alpha particles protlutt) a maritoil 
jdiospiiorcsm'nto in cry.s-lidlirie xine sutphido* ll'heii examinwl hy 
a lens, the light is foiJUfl not to bo uniform, but exliiblLs a very 
beautiful scintillating effect, Ry counting the nnnilxT of sciiitilla- 
tiouE due to the alpha particles it was fotiiid that eadi scintillation 
was produced Ijy the impact of n single alpha particle. Tt is thus 
seen iliat two distuict methods, one elw-tricnl and the otlier opt!rid, 
are avidhible for detecting mid counting single alpha particles, 
i. e., single atoms of matter. This is oniy pnssiMe liecansc the atoms 
are in swift motion mid expend their git'nfc euergi- of motion in 
ionir.ing the giis or in prorlucing luminosity in nine sulphide. 

Still niioliier simple inctliiHl was dovitstnl later. Kiiioshiln tirst 
showed that a single ulpiia [larticle jumluced a detectable effect on 
a phniographic plate which was observable under a mii.TOBOo|ie. A 
hiujil^r of experimeriLs have ha-n uimle by Hcitiganum, Mukower, 
imd Kinosliilii to examine the effect of siuglc alpha particles on a 
photogniphic plate. If a fhie m'i‘r|le point coatn] with a trace of 
radioiictive mutter rests on the surface of the tilm, the idato on 
deveiopment shows a niimlicr of distinct trails radiating from the 
active point. Each of tliese trails results from the action iif n single 
alpha particle. A lieautifu! photograiih of this kind (miigni Heat ion 
about JltlQ) obtained by KiriosliJta is ^lown in plate ii. figure 1. It 
apjware that each iiipha particle rtinkes :i certain nimibcr of the 
grains, through which it paise^, cnpahle of development- 

The Hi* of Jin ordinary electrometer is not very suitable for count* 
ing alpha piirtides by the electric method, since the time of awing 
of the electjYjiiietcr needle is fairly long, and accurate counting can 
1)0 niiido ivhcn only a few fllpha purticles enter thr delecting vessel 
per minute, Tliia difficnJiv can bo got over by the use of a string 
electrometer in which the moving sj'stem oonsista of n fine silvered 
quarts fiber susijended between two charged parallel plates and 
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viewed with a Idgti'power microscope. The entnaice of oo ulphii 
particle isdiown by a FUdden movcistDl of tlie fiber, and if tlw cur¬ 
rent is allowed to leak away tbrougli n suitable resistaiiee, the fiber 
returas to the position of rest in a small fmrtion of a second. The 
movement of the liber can be reminded photographiailly mi a moving 
film, and it is jmssiblc in tliis way to count accurately the number 
of particles^ even if several tbotifioud enter Uie dcteeling vcshcI iier 

minute. .,.,, 1,1 

Examples of such photographic mords, obtained by Ivntlierfortl 

and Geiger, arc shown in plate 3, figure 2. The vertical taoveiucntaof 
the tilxT from the horiaontid line arc duo to tlie entrance of alpha par¬ 
ticles, and it is seon bo« dearly tlie detuiled moveuicnts of the fil*er 
aro rejpstered- In some coses one alpha purtlde follows another so 
rapidly that the fiber has not lime to come to rest iu Ijetween, and 
this is shown by the sawlike appeamnee of soino of the peaks iu the 
photograph. It will be noticed also that while the lieights of most 
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of doflcctlotis lire nu*rly tbe ib n few casBsi th« Jeflections 

are nearly twice as gi'ent us the nornud. Tliis is due to the uearly 
sltnidianeoiis entrance of tw'o alplia particles into tlie vessel. 
Although the photographic film moved at a constant rate, it is seen 
tliat tlie tliraws due to the alpha partielw are distributed very Ir¬ 
regularly along it. A close examintition of such recortls shows that 
Tariations of this kind are in accord with the ordlnaiy laws of 

probability. ^ ^ 

During this year. Dr. CJ^iger hiisi found n isiill more senMtive cIch 

ttnlor fijr countiiig alpha piirticlcs- Tlie arrnngementj which ii3 very 
filmptc, is shown m figure 8. A fine sharply pointed needle ends 
about 1 centimeter from tlm opening O, where the alpha particles 
enter. If the outer brass tube be charged pcjsitlvety to uboiit 1,000 
volts, arul the needle connected with a string electrometer, it is found 
that the eutraiicc of an al])lia particle produces a very great deflec" 
tion of the fil«r. So sensitive is this roethoc] that Geiger has found 
that individual beta particles can easily he detected and counted by 
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its nuL Tills is vsn- remarfcablt* when it is rememlicnHl tliut IIm' 
lonizutlon effect due ti> ii beta jiarticlu is on the ftretiigif not mui'v 
than one oni^ltlllld^t'dt]l of tlmt due to an slplm particle. 

A photo^rnipliic record of the entrance of beta particles into the 
lie let-tin" ve)«<e| k sfiuirn in jilato 2, figure 3. Tlic npper i-ecord is for 
lietu piiilides and the lower for iilphti particles. 1 am indebted to Dr. 
Geiger for tliis photogmpb. It Is seen that tbe effect of a lK?ta par¬ 
ticle is just as niorkeil and as definite ns for an alpha particle witli 
the old form of detector. We arc tliiis in a position not only to count 
single atoms of mutter, but also tf> detect llie presence of a single 
electron in swift motion, although the niass of the latter is exiawd- 
inglr ^^mall compared with that of Uie lightest atom- 

1 would now very briefly direct your attention to some resttlls 
which to niy niintl not only completely prove the hjT>othesis of the 
atomic structure of mutter, but alloiv us at once to eulculate tlie 
timiiber of atoms in a given weight of iiiotter with the luini- 
mum iimouiit of ussumption. Wo have seen that by dirtct count¬ 
ing it IwB Iwen found that l.-SfiXlO" alpha particles .ue es- 
pelled iJcr second from 1 gram of mdium in equilibrium with ifci 
rapidly changing prodncLs. JJow, it has been definitely shown by 
methods I need not discuss bore tJiat each alpha particle consists 
of a helium atom carrying two unit positive chargea. Since the 
alphd particle, when it has lost its charge, becomes n neutral lieliiim 
atom we should expect to find that helium ivouUl he pnalurcd by 
radium nt a dcfmitc rate. This is found to be dm case, nnd it is 
not dJlIicult to detennJac by net uni ineasiirEinent tlie volume of 
helium formed hy u known quantity of radium in n given lime. 
It has been found that one gram of radium in equilibrium pmluccs 
each year 15<5 cubic millimeters of helium at standard prv^ire and 
tempcraLucc. Pfow, the nunila-r of alpbii pnrticles expelled per 
year per gram is i.29XlO’% giving rise to 15<i cubic millimeters of 
helium, e.i<!li of these alpha partiries is an atom of helium, nml con¬ 
sequently the number of utonis of helium in 1 cubic centimeter of 
that gas at nm-mul pressure and tempei-aturc is 2.TfiXltP*. 

It appears to me that no uiore direct and convincing proof could 
be obtained of the atomic structure of mutter or of the number of 
atoms forming a given w'eiglit or volume of heiitim, for the number 
of sepai-ute constitiiente are counted and the volume of the resulting 
gas is measure!]. The value so obtaiTieil is in good accord with 
iiiCiisurcmerits based on entirely different datn of v.arious kinds. 

It is somewhat remarkable that while the sttidy of railiouctive 
phenonieim lias clearly indicated tlwt the atom is not always per¬ 
nio nent and indestructible, it bos at tiic same time supplied the 
most convincing proof of tlie actual reality of atoms and has pro- 
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Tided some of the most direct methods of deteimliring the values 
of utomiv magnitudes. 

TKACK^ AIF SVVIFT ATUUS AND Kt.KGTRONS. 

We have seen hovr it is possible to detect single nlphit and LcIa 
particles und to count their number. We will next cimddai' a most 
reiaiirkiihle experimental metlitid, not only for detecting such par- 
tides blit of following In dcUil the elfects protliiced by tbma in their 
pmsoiigu ihitnigli tt gas. C. T. li. Wilson showetl inuuy yetirs ago 
that Llic positively and iiegutively diargwl ions prndiiced In a gas 
bv tlu‘ pussoge of alpha stid loita und X ruys posscsstHl u remurk- 
flhJe piYipeily, Wum lur^ for example, satiimtcil with water vapoi- 
is siidtlenly expaiulctl the sir la I'rtpidly I'oolwl iiiid tlie water tenda 
to defiosit on any nuclri present. C. T. B. W’ilson sliowed that 
in iliist-fi-ee nir the ions prmliiced by extcmnl radiation Ijwimuc 
nuclei for the condcnsatinji of water iipnn lliein when the t;ooling 
bv expansion was suiHcienLly giviit. ITrider sudi conditions each 
ion Ijfronws the center of n visible globule of water, luid the nondwr 
of dnvps formed la equal to tlio munlier of ion.s prcseiiL 

t^. T. K. Wilson Inter perfected tlwa niethoil to sliqw the trail of 
a single nlplia or IjeLi particle lU piuaiing throtigh the gas 5 for eitdl 
of the ions producerl by Uie flying particle becomes a visihie ilitip 
of w'litcr by the sudden expansion. By suitable arrangements I lie 
trails of the indivlduid particle can I>b photogniphed, and the pic¬ 
tures obtained show with reniarliiible lidelitv and detail the ionising 
cfTertfl prwlii^d in tlio passage of alpha and beta particles or X 
rays througli ganes. 

Jflate 3 , tigurt* 1 , shows the tracks of the alpha particles sliot out 
from a small fragment of radiiun. Tlie nnm1x>r of ions prrKluccd 
per cwitimi'tcr in the gas by tim alpha purlicle is so great that tlie 
trail of drojis shows as a continuoiis line. The alpha particles are 
seeri to nidiute in straight lines from the active point and have a 
deflnite raiign in air—a chanu'teristic pro]>erty di&cpvenKi by Bragg 
many years ago. Tlie next photograpU (pi. 8 , flg, 2 ) shows ti mag¬ 
nified image of these trails. It is seen tliat the trucks are generally 
qiutc straight, but in it few eases there is a sudden bend near tho end. 
The siguitieanct: and rause*! of these sudden deviations in the recti¬ 
linear [Mtlis of the alpha particles will be discuiwed later. 

A nidioactivc suljstance like radium emits not only alplia pm ticks 
but beta parliclcs which aro clectrema in very swift motion. These 
beta particles are generally far more pi'iietrating than the idpha 
ravs, but produce a much smaller number of ions per centimeter 
of their path dirough a gas. Tn plote +, figllro 1, is .seen the track 
of a swift, beta particle ci'oaaing the expansion chamber. It will be 
observed that the path is not straight but tortuous, due to the marked 


Smilh*aifii-in FfcPF»rt^ tfllfr— 


Plate S 



1 p TftAcxa or Alpha PAftiTCues from CeHTPiAL 
PCMHT3 Tp W^LSON^a HETMODL 



2. Maonjfjfd Track of au^ka Pa4itiole$ (WilschnK 













BtpoiTt. PljTIE. 4, 



t» Tracks qf Beta PAftneLEa. 



2. Beta PaI4TICL&9 1=^oduced by Passaoe of X RaY£ Th^iolkih Am 
LWiUCNi^ 














COKSTIIX’IIOX OF MATTEB—BOTUERFOBD. 


183 


grcattering of tbe pnrtielis by collisions witU the iitoms of matter in 
its path. Although the tmil is clenriy Uelined, the ilensity corre¬ 
spond in;? to the number of di'ops per centimeter i« uiucli smoUer 
than for the olptm partide. In fact, by magnifying still furtiior 
small portions of the track (lie individual ions, or riither the drop 
foriiKcd arounti each ion produced by the beta purticle, are clearly 
visible. In this may it is obviously possible to count directly the 
nimiber of ions produced in any lengtli «£ the palli. 

These beautiful pbotographs tliiis not only briug out clearly that 
alpha and beta particles arc dednite entities but show with great per¬ 
fection tlie actual patli of the partides in titiversing mutter. Tins 
next photograph (pi. 4, fig. 2) shows the effect of pn^ng » i)encil of 
Bontgeii rays through the expansion chamber. It is believed that 
thefc I'tiys do n<»t ionize the gas directly, but indirectly, through the 
slow speed electrons which are liberated by some of the atoms act««i 
on by tiie railiation. These eltK'tivms are not nearly so awift os some 
of those emitted by radium, for they are unlv able to traverse « few 
iiiillimeUTS of air l«fore lieing stoppwl. The photograph brUiga 
out clearly these effects and shows the tortuous path of a beta puriide 
resulting from collisions with the atoms. Such scattering effeets 
l>ecfiine more inurked the slower the velocity of ejection of Uus beta 
particle. 

TItAN'SFtUtM.VTIiLV tiF NfATTEIt. 

While the discovery of the iudeiiendeni ex licence of the electron 
as a constituent of the structure of atoms gave a great impetus to 
the study of ittoiiiic stniclure, it was soon found that the removal or 
addition of an elretreu from an atom did not ajuienr to cause a 
IwmiuneTit trnusforniatiQn of the atom, for no evirlcnef! luis yet I wen 
ohlalned tliat the passage of nn declric current through a gas or 
ntetiil is iii'tiompaniGd liy a pernmnent alteration, of the atoms of 
mutter throngh which the current juissta, ulthough there is little 
tloiild the current is carried in part nt least by the electrons lihenited 
from the atoms. 

The first definite evidence of the Iransforniiation of matter was 
ohtuiiied from a study of the process^ cjccuiring in nitlioi^cLive sub. 
stances. The writer untl Mr. Soddy in tiJOa put forward the theory 
that the radiations from active matter accompanied a verituhlv 
iruDsformatioii of the atoms themsdvcii. The correctness of this 
theory as an explanation of radioactive phenomena is now gen¬ 
erally uccepted. As an il lustration of these processes, consider the 
transformation of the radioactive eleinent uranium. The series of 
laibstances which arise from the transformation of nrnniiim are 
show'll clearly in the diugnim (fig. 4). The best known of these 
elemeiitii is radium, which will be taken as a typical example of a 
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riidioflrtive substance. Endinm differs from im ordUiaPjr ekmciit 
in Its pgwer of hpontLineoui^ly cxpdtijj^r ulplui pn-rticlt^s yf'tth very 
frent speed- TtuL property Ls Eiscrlbetl to an lohererit Instability 
wbidi is not manifest in the atoms of ordinary olenientsi A small 
fraction of the radiiini atoms-^boiit 1 in 100 JO^K) 3000 ,^) 00 —break 
up each second with explosive vioJonco, expelling n fnigoient of the 
jitoni (the alpha particle) witli very great speetL Tlie residue of 
the atom is lighter titan before and becomefii the atom of iin entireh' 
new substance^, which is called the rudiimi emanation, llie atoins 
of the latter are far more unstable than tliose of radium^ for half 
of them break tip in 3.85 days, while half of the radium ntoma break 
□p in about S.OOO year^* After the iossj of nn alpha particle an atom 
of the emanation changes into an atom of a new g^ibstnnce (radiniii 
A)* which bell uvea ns a solids 

Eadium A is very unstable^ half of it breaking up in 3 minutes 
with the emissioa of nn alpha particle^ anti gives rise to rjidinm B. 
The latter differs from tliefiubstftncesiilrcady mentioned in the nature 
of its radiotiom for it emits beta rays but no alpha rays. Notwith¬ 
standing this fact^ it is tmusformed aocordiag to tUo s^iine law as 
an alpha niyV substance^ and gives rise to an entirely dii^tinct ele¬ 
ment, radium C* In the transformation of the latter, not only are 
tmdft alpha rays cmitti''d but also beta niys of great s^ieetL There is 
some evidence^ however, tliat tlie sulMance called radium C is com¬ 
plex, and that the alpha and beta raya from two distinct sob- 
stances. 

The successive BUbstani:es orising from radium C are mdium I>, 
radium and radium F* Tlie two former, like radium emit 

tmly l)etn rayaj tlie latter, known generally ais polnnitim, emits only 
alpha rays^ It h believed that the .seijiiencc of chnngp?^ ends w'itli 
the transformation of radium F, which is supposed to change into 
the well known non radioactive element lead. 

Aceorcliog to tlie transformation theory, radium* like all other 
radioactive products, must be regarded as a changing eleinent, but 
one whose mbs of transformation is very slow compared with its 
successive products. Boltwofal showed experimentally that mdiuiri 
is half transformed in ubont 2,000 years, and a quantity of nidiuiii 
would pnictirally hMi"e disappeared as such in 100,000 years. In 
order to necoimt for tho continued existence of indium in the earth, 
it is necessary to suppo^ that it is stendily pnxbiccd from sonm 
other element. BoUwckkI showed that the parent substance is a 
ladioactive element catkil ioninmi, which is itself derivfKl from tlii> 
transforniaiion of nraniniu. A quantity of inniiim, entirely 
from radium^ will grow radium nt a slow but constant rate. Tlie 
primary clement of the ionium-radium series is Timniiim, w liich we 
can ealdilate should be half transformed in 5,000,000,000 years?—a 
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I>€riofl jirobubly long crmiparviJ with the age of mmiy of the min- 
criilif in ^vhieh uriinium b found. 

The complete requeue? of cluingea in tlie unininm-nidiniii series 
is sho\m in the diagram (fig. -1). Tho nature of the radiation and t lie 
half period of transformation is added for eaeii element. In iidiTition 
to timriiuni, theiii are two other radioeetive oleinents, tliorium and 
aciininu), wUidi are transformed with the ap|*eariinee of a niinil>er 
of new Ktibstanees* The time at iiij dispo^h however^ is too dmrt 
to discuss these changes in delnil. Thorium is known to l>c ti pri¬ 
mary element whose nidionetive life b even longer than uranium^ 
but actinium is believed to i>e a hrnneh de« 5 Cendant from some point 
of the nnmiuiti series^ and is thus to- Iso rogiirded ns a product of 
Uiat olenient. In nlh of Iheso radioactive substances have laieii 



discovctei)^ and Uie position of each in tlio three ttmili radioactive: 
series ha^ lieen datertilined. 

Each of these ncAv substances is to 1 ms regarded us ii dii^inct ebemi- 
cal element in the ordinary senset but differs fioni oi'dintiiiy Etahk 
olciiiciits in the ii(>nntaiicoiJ£ eiuis^iian of specuil radiations which 
rKx'ompanies the dLsintegration of the atoms. The mdiotietive snh- 
stances are thus transition elements which have a limited life arul 
which carry within themselves the seeds of their own deiitriicttom 
Xol only arc these transition elements ilistingiiished hy tlieir types 
of radiation hut also hy their distinct physkal and riieinical pmper- 
ties* The extraordinary dilfereiices in proi>er(ii^ which sDiiu-tiiiieH 
exist bt^tween a pr«>dut:t oiicl its parent isuhstunce is well illmrlratwl 
by till! comparison of radimn and its product, the emuiuition. Itii- 
diiim is Li solid clement of atomic weight* 220, Avhirh luis chemical 
properties nUkd to barium* but is capable of separation from it. The 
emanation J^^ a heaiy monatomic gas of atomic freight, 222^ w'hich. by 
its absence of chemical properties, is allied to the well known group 
of ran^ gaso*?—heliumj argon, neon, xenon, and kiyptoju In some 
cases the elements show ubiiust ideiitioil physical and cheniicirl ptup- 
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erdes with those of known elonioilt&, although they tiller fioni them 
in their utumic weight atni ruUitiaetivity. For exuoipJe, rndiujn U 
appears to be ideatioai iu ordinary chemical &d{1 phy^dcal pro^wr- 
ties with lead. uUhoiigli its atomic tecight, is quite dlatinct from 
lead, ^l>T. Tim probable explunutiou of tiibt nt hrst sight, reiiiark-^ 
aide identity will he discussed later. 

It is of interest to note that in the majority of cases a radioactive 
dement brealcs up in only one way, which is choracteristic for all 
the atoms of tlmt dement and gives rise to only one new product. 
The work of Fajans and Marsden, however, has dearly shown that 
in the case of radium C and tho eorresimtiditig prialucts in the tho- 
rituti nnd nctiniiiin series, die ntoma l>reak iip in two distinct ways 
and give rise to two distinct radioactive dements. It bus already 
lM.‘i‘n pointetl out that actinium is, in rmility, one of theiio fdde or 
hrandi prudiicts. It is supposed that urniuutn X breaks up in two 
distirii't ways, the smaller fraction giving rise to Jictlninm. 'I’lie 
eviilrnce, however, on tiiis point is not yet romjilete. 

The radiniictire elements are in gome restiects more interesting 
and inipiii-tant than stable elements, for, in ndJilinn t<j the ordinmy 
physical [ind chemical properliw, they poisiess the mdioactive prop¬ 
erty wiiidi allows us to study the mode and rate of transformation 
of tlieir atoms. 

It miiy lie nakwl what is the e&sentinl difference lietween millo- 
active changes atul ordinary cliemical changes. In the i-adioactivo 
diaiigi's we are not tiro ling with the dissociation of molecules into 
atoms, hut an actual disruption of the chemicul atom. The dlbdnte- 
gi’ittion of any given dement appears to be a sjiontuneons and 
uncontroUable process wliidi, iitiiikc ordinary dicmu'al tliaiigcs, ia 
quite iinntfwteil by the most drastic changes in temperature or by 
any tilUer known physical or cliemical agency. 

The radioactive changes differ entirely from chemical changes not 
only In the |Hx?iilitir character of the emitted mdiatioitt, hut also in 
the eiiormoiis emission of energy. It can Iw simply shown that tho 
enerp' ctnittcd from a radioactive snlistaiicc which expels alpha 
partides is several million times greater than tlw energy emittetl 
from an Mjual weight of matter in any known diemienl reaction. 
This tiiiiission of energy is tuumly to be ascriiied to the conversion 
of the energy of motion of the swift alpha nnd lieta particles into 
heat. »nd is thus in a sense a secondary effect of the radiations. The 
enormous emission of energy is most simply ilUistrnteri by consider¬ 
ing the case of the radium emamition, together with its swiftly 
chajiging products radium A, radium B. and radium C. The heat¬ 
ing effect of a given volume or weiglit of this gas has ticen accu¬ 
rately deteniiineil- F'rom the data it can lor calcuiatcd that 1 imund 
weight of the emanation would emit heat euergy initially at the 


CONSt-tTlTTION OF M.^TTEJt—H^THF^RFOKU. 


187 


rate of 2^5,000 horsopower. Tlie rate of entission ikcreas^i? with the 
time, falling successively to Lulf vultio after iDtervuIs of tl.85 days. 
During the life of Uie ensatiation the totikl energy emitted eorre- 
spoiids to an engine working at 128,000 horsepower for one day. 
Socli a quantity of anianation would be an enOJtUfiualy concentratOfl 
soun^* of power^ for the total energy eniitteil is ttinny million times 
greater than for an equal weight of the most powerful known 
explosive. 

The emission of energy from radioactive substances does not con¬ 
trovert the law of the conservation of cnerg-yj for the energy is 
derivetl from the atom itself where it cximIs in kinetic or potential 
farm, IVe alnill see later tliiit the atom is lielieve<l to consist of u 
largt? nninlier of positively and negatively charged particlea which 
are coUccleii iti n very small vohinte and held together hy 
eltjc-triLTil forces, i^neh on idea of atomic structure involves tlje 
neoissity of a large store of energy j-esldctit in the individual atom. 
The greiit emission of energy from a radioactive fiuksUinoc like the 
emauLition illui^riite^ in a striking way the enormoiiii rtwervoir of 
energy that imiMl exist in the atoms thiunselves, for there is every 
reawn to lielieve that mu equivalent amount of energy [>resetit In 
the a tiling of the common heavy elements. This store of energy orili- 
narily doet nut moxilfest itself and is not available for use. Tt 
only when there is a drastic rearningeiuent of the atom re^fulting 
troni an atomic expiofiion that part of thiii store of energy is 
liberated. 

It mast be borne in mind tliat the proccsjfits occurring in radio¬ 
active matter ai-e spontaneous and uncontrollable. There is at 
prtwnt no evidence to imlifrate that wo sliall l>e ahk in any way to 
iiiUneia^e rudioactive changes. We are id |in;?j§eid only able to watch 
and invTestigate this nmiarktiblo phenomenon nf naiui'e, witUuid 
any i>ower of controlling it. In n recent bofik JL G. Wells has dis¬ 
coid in an interesting way some of the future p(®ail>ilities if tbU 
great reservoir of energy resident in the atoms were made available 
for the Mm of man. This will only bo possible on ii large scale if we 
ore able 5n som^ way to alter the rate of radioactive change and to 
cauBe a auljstance like uranium or thurturn to give out its energy 
in the course of a few hours or days iiiTftead of over a period of 
111 any lliousancis of inillions of years. Tlic |H>ssibility , however, of 
altering the rate of traiL^Foniiation of radioactive mutter or of induc¬ 
ing similar effects in ordimiry D:iatter does not at present seem ut all 
pronufiing. 

iSTllUCTrUR OF TUK ATOiS. 

We have that in lecent years a nuni!>cr of mcthoils liave been 
deviled for dcteoiiinlng with precision the actual weight of any 
atom of matter. If it be assumed that in the solid s^tate the atonvs^ 
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or luolecuies, of mniicr are m closse eontoct, it is n simple matter to 
dedtici: thi) tiiiuuetiT of the atom. This %'iiries if%htly for diffejent 
at^is, but on jiti averugtt eumes out to be about one one-hujidnKl- 
miliiuntb of n (jentimeter. It is necessaiy, however, to be cuiitious 
ID kimkiug of tlic diunieter of tlie ntom. The term ** Jiamcter of 
the sphere of uetionof the atom is preferable, for it Ts not nt nil 
eertniu that tlie aetiinJ nloraic stiuctiire )S nearly so extensive as the 
region tbrougU which the atomic forces are appreciable. 

Kren before the discovery of the eliH?tr.*n tlie generiil idea had 
Iwvn suggested tlmt the uUun was im electriciU stnii-ture composed 
of negatively and r)i‘sitiieiy charged partides held in equilibrium 
by elecLi ical forci's. Such ideas had l>eeii i>rc>[HJ 5 etl and deTdojK?d 
by Liirmur und i>jrEiita in or.ii-r to explain the eli-ctricaJ and optical 
properties of tlie atom. The pniof that the negative electron wph 
an iinkpetident unit of the structure of the atom gave a grpxit im* 
petiiii to the foniiDtion of more concrete ideas on atomic structure. 
There was one iiiiportnnt difficulty, however, tlmt an'so at the outset 
W\n\(r negative eiectricity had twen shown to exist iu indi'ijemtont 
units of vety small apparent mass, the corresponding unit of positive 
eJectncjty was never found nssw-iated with u moss less than the atom 
of liy<lrogeiu All attempts to show the existence of a positive elec- 
Iron of simill mass, which ts a counterpart of the negative electron 
have resultwl in fotlure, and it seems doubtful whether surh » rmri- 
tive eJectreu exists. The role jilayed l.y positive electricity in the 
atom WU.S thus a matter of conjecture. Tu a pajier called Aepinos 
Atomized the late Wd Kelvin consideml an atom ic txtnsigt of a 
uniform sphere of jHisitive elwtrifivatioti, thimiighout which nega¬ 
tive electricity was distributed in the form of discrete dectrona. 
In order to nuibe such an atom dectricallv neutral it is, of course 
neee^^iy tlmt the positive charge slioidd'bo equal and opimsilo to 
tlio charge oirriv,] by the electron.^. Tins idea of tlie strurtui-c of the 
atom wiis taken up mid developed with great mathematinil slfill by 
Mr .1. d. Ihomson. He investigated the constitiition of atoms coti- 
tmning different numbera of electrons and .showed that such model 
atoms pi.^«d properties very similar to those shown hv the actual 
atoms: The l liomson atom proved for nmny years verv useful in 
giving a eoucrete idea of the possible strmture of the atom and hud 
The great advantage of iieln^r anienuble to calculation. 

Tiip rapid advance of science In the Inst det'ade has provided us 
inth new and powcrfid methods of attnek on this problem, and has 
allowed us to dhitinguisli to some extent Iwtween vnriotis theories of 
ntomic stm^ire. f)no of these methfals depends on the study of tha 
. eflcction of swiftly moving Uxlies like alpha and I)ct« pariiries in 
tticir passage through matter. It is found that these ravs are always 
Bc-uttered m their passage through mattery i. o., a narrow iicncil of 
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mys opens out into a diffuse or scnitcrcd bcsm. The ftlpUa atid beta 
paitides move ito swiftly tluit iLey ore actually able ly paia ihrougb 
Hid stnulure uf the atom aud are dt^tk'ctcd by the iuteu-se forces wiili- 
iu tho atom. IfOtger Unit drew uttcniinii to n icry unesiifcted effect 
with alpha particles. Wlieii a pcucil of H][)hu I'uys falls ou a thin 
him of gold, for example, the grait majority of the particles pasH 
thruiigli with little absorptitm. A few, however, arc found to be so 
eetiltored that they are turned buck Uirougli all angle of more than a 
right angle. Taking into cfuiaiderutiun the great energy of modun 
of the alplia purtkle, such a rrsiili is as surprising as it would lie to 
it gunner if ati uceaaiotiiil shot nt a tight target was deHeoteil buck 
toward tlie gnu. It iviui found that tlicse large dedcctious must 
resnit from on encounter with a single atom. The occasional suddcji 
deflection of an alpha imrticle is well illustrated in one of the later 
photograpliB of the trail of an alpha particle ofjtaiued by ftfr. C. T. U. 
WilbOti, and sliown in plate U, hgure 1. It is seen tlmt the roctilineiir 
path of the paritcle suffers tw'o sloirp bends, no doubt resulting in 
eacli case Iroui a singlo close oncotinter with an atom. J(j the sliarp 
Irend nearthueiid a slight spur is seen, indicating that the atom w as set 
msnch swift motion by the encounter tvUh the alpha particlo that it 
was able to ionijw gas at n short distimce. If the foix-es causing the 
deflection were electncul, it was at once evident that the electric field 
within the atom must be esceedlngly intense. The distribution of 
positive electricity assumed in the Thonnsoii atom was much too 
ditfusa to priHliiec the intense fields retjuired. To iiven'ome this tlifli- 
cnlty the writer inverted the role of pt^dtive electricity. Instead of 
licing distrihiited through a sphere coniparable in size with the sphere 
of aclifiti of the atom, the poijitivc electricity is stip|XJ4>cd to be con- 
eeiitiiited in n very uiimite vohnue or nucleus, mid the gi-euter pml 
of the moM of the atf>m is supimsed to bo resident In tiiis aucleu& 
T he ialter iseupposcil to be surrounded by u distribiitinn of negative 
electrons extending over a lUstanco comparable with the diameter of 
the atom os ordinarily understood. On this point of view the alpha 
particle is the minute nucleus of the helium atom, which has lost its 
two external electrons. In this type of atom the large deviations of 
the iil[iha particle take place when it passes tlirongh tlie intense elec¬ 
tric field close to the nncleus of the colliding atom. The nearer it 
passes to the mideus, the greater the deflection of the particle. As- 
suming tiuit the forces between the alpha particle and the nucleus of 
the colliding iitr>m arc mainly electrical olid vary according to an iu- 
verso square law, the alpha particle describes a hyperbolic orbit 
around the nucleus, and the relative number of alpha particles de¬ 
flected through different angles can be simply colculnteih 
It was thus possible to test tills theory of alonne structure by ac¬ 
tual experiment. This was undertaken by (lieiger and Marsden in 
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a very iiiifiortntit hut dilHcuU investigntion. They Mamincd the 
felative niisiber of ntpha i>nrtktes scatteml thmugh vaHoiia angles 
hy their pasBiij^ through thin films of mutter—e. g,, tdiiminiitu, 
fiilver, and gold—liy aetiially counting the alpha partk'lei^ hy means 
of the scintilltilious on a nine sulphide screen. The ex{>ermiGntaI 
Jesuits were found to bo in very gfiod accord with tlie thooiy. while 
Uarwitij in addition, showed tliiit hijj' otlier Inw of force CJCwpt the 
inverse square was incomputiljle with the observntioiis. 

From the.se restdts it is a simple matter to show llmt the radios 
of the nitcleos uf the gold iitom can not Ijo greater than 3X10'” cm.— 
an exceedingly amall distance and only alwut one ton-thousandth 
part of the diameter of tlie atom. IVhila the resiiHs thus indicate*! 
that the nucleus of n heavy atom was ctf minute diutensions, it was 
of iiitcr«st to see whether a still lower limit could ohtained for 
lighter atunis. On tlda llicoryt the iieJium atonj has a nucleus of two 
unit positive diarges, and tlie lighter atom, hydrogon. should have 
a riuctcus «pf only one unit. iV'hen an alpha particle passes through 
hydri^ti gas there should l>c occnsional very dose encounters be¬ 
tween the particle and tuicleiia of the hydrogen atom. Since the 
miLsi! of the hydrogen atom is only one-quarter of that of heliunif it 
is lo ho aoticipakd that the former shoidri be set in very swift mo- 
tkm hy n dose collision with an alfiiia paftide, and in iqwdal cases 
should |je given a velocity 1.6 times greater than that of the cofltding 
alpha ptirticfe. and should travel four tijuea as far. Such swiftly 
inoriog hydi^^cn ninlct acre adunlly olwierved hy Monsleu with 
the scititillation mdlKxl wiien s pencii’of alpha rays pasaoil through 
iiy<lrogcii, and they were found to tinvcl, ns the*tl»e*.ry predictctl 
aUiut four times farther than tlie aliitm particle itsdf. Since thJ 
energj- gained hy the hydrtjgen nucleus depends on the dnseness of 
its nptiroflch to die alpha particle, it can he simply calciitatcpl that 
tlie centers fif the jiiidei must have pa&icd within 10"‘* cm. of each 
•idler. Tins is an estno>rdiniiriIy small dUinnee, even smaller 
than the iliameter of the electron itself. U is thus dear that the 
tiiidci of liydro^n iijjd of lieliiim niust lie exccefliiigly minute. It 
Mjiiiild liclKinJC in muni thnt such olTseniilions only pve a tmixluiUm 
lUnit to die fii^ of the iiiirleiiSi, and there is no experimental evidence 
against tlie view that the nudeiis of the hydrogen atom may not 
ndiiully prove to iw minute in voluiiie tmmpared even with the nega¬ 
tive dcctron. If this lie the cose, it apficnrs probable that the hydro¬ 
gen nucleus b the /WfiVc df*'troti ami iliat its gre^at mas*, cnnipared 
wi(h the negative electron, is due to tlw greater (.fmeentmtion of its 
charge- Atctir^ling to mialcm theory the dcitrtcnl mass of a chargeil 
particle varies inversidy as it^ radius. The greater mass of the posi¬ 
tive than of die negative electron would thus be explained if its 
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riidiiis were only one ei^rlvu?t*u-htindmltli of tlou of tlie nfigaiiTc 
eteetrofu vlzt about 

Tliere h no ovnlence to wntrnjiet this point of viewt and its sjin- 
plicit>' hevs much to eonuuond it. In viewing the C5^5l'^^tjal ditTerenees 
e^hibiti'il by positive imd negative eleclrioitT in t^oiinection with 
lEUittcr and the oli\ions nsymmetiy of tbi! clbdriinition of the two 
eteetrkities in the iitom^ one is driven iu the conelin^ion thsit tlnwiT k 
a iLindiinietiitEi] di^tlnctioti Itetween positive and negative electrleity. 
Slticc tile itnit ot positivu eharga is identioi] in magidtudo witti the 
unit of negatix^e charge, the only poFs^ibic djfFerence b the mass of 
the two iinitSf ami tbb on niodern idews is mainlj dependent on tlie 
dimensions or degree of coneentration of the electricity in these 
fuiubsinentJil entities. 

If ive take the view (Jiat the hydrogen nuelens 5$ the positive elec-- 
tron, it is to la? tint icipated that tlio nuclei of all atoms are Lnilt up 
of p<Jsitivo and negiitivo eleetroiifs the positive electricih' Indtig al¬ 
ways in so that tlie riuckuts j^iowh n resaHant j>oHitivc clnirge- 

The mass of the atom will <let>end mainly on the numhi^r the 
mo-^ive prusitive electrons in the nucleus, oUhoagh it will ije atTected 
to a slight e.vtent by tlie nuniWr of the lighter negutivii elvHrom 
involved in the stnieture of the whole ntoiii. The ina^of the atom 
will no doubt be inllnenced abso hy the distribution of tlie [xisitive 
and negative electrons in the nucleus, for the^ miH^ l>e ]inckt^l 
closely together that their field mnst interact^ As T^n-nt^ luis shown^ 
the muss of a numl.H?r of closidy ]inckwl elect mna is not nwTfSHOjrily 
the same as the sum of iiidividtial fnosscs of the comiwnerLi electrons; 
Taking such factni's into account, we ^houhl not ruH^essiurjly cfTfi^cd. 
the rnus^ of all atoniH to lie nearly an integral multiple of tlie iiinas 
of the hydrogen atom, ill though it is known tliat in a nnixiber of ceis^ 
tineh II ndatlon tipijenrs lo liotd fairly cloiiely* 

Tho apfyeuratiL-e of a lieliuni atom in surli n fundamental process 

tile ti'uiisfonnatioD of radioactive atoms indicates that heliiiiii is 
one of tlie units, tmssdiily accnndnr}% of which the nuclei of the heavy 
iitoius ans built up. In course of its ouccc^slve transfonimtiona a 
u^unliim atoni los^ts ci|jlu lielium atoms, a thorium atom and un 
iiloin of uciiiuuin five« llie prcdiEibility that holiuin is <aie of the 
units of atouiie structure nut oTily In the case of me]inactive atofui^ 
but for ordinary atoms is strengthened hy the fact that the atomic 
weightsof II numlper of efementfi diJfer by atsoiit four imits. 

The fact that the helium nucleus sun ives the intense distiirhanee 
reaulting in its violent ejection from ii mditutctive ot^m suggests 
that it is n very shible conhpiimtionK On the views dis^uuitBed jt is 
nit to rill to suppose that the heUiim nucleus, of iitomie w'eight about 
fouft is made up of four positive electrons united with two ijcgiiiive 
electrons- No doubt it is diflicult to nnderstimd why such a Evstem 
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Klmiiltl iiflld togrpilKir. l™t ji tnusl tio rtmemtK'rcd that wc have no 
inft^miJiLioti as to ihtj tintiiiia ur iiingttitude of iJia forces cxistin^j: at 
sudi riiinutf cJistimcfas ns nre involved in die structnro of Lhv imdeii^. 

Wl* have w far ossnmetl ^vithoiit proof that wJiUe the iiucloiis uf 
a^i atom canicii u resiiltunt ptaitivo charge, negative ekcUwis ai«» 
also pjTiieut The nuiin evident oji this point lotues fri<m it stud) 
of LiiD radiolictive elenivntit A silbstnnrv which breaks up with tlir 
emksHon of ffwift eU'ctroiiB (liota nij-s), hut iio alpha pnrtiel&s, sutfci-s 
-JiEiutcgratiiPU aceoJxliiig to tlie same laws ami gives rise to a now 
dcjiifitt in the same way as when an alpiia partick is lufO, It sclmijs 
iieceifiiary to i?«ppose from a number of lines of evitlumv that ii 
tnuisfonniitiaii which ts ticcoiupiinied by tljo emission of primary 
U’ta pardoles must have its origin in the ejection of n negative elec¬ 
tron fi'oiji Uic niickofi itsoif or from a point very closi^ to the niickits. 

There nte no means at present of deciding definitely the rehdive 
utirnber nf jitisitivc and negative units composing tiie mickiis, except 
])0f«iLdy from a consideration of the ntoinio weight of ihe atom in 
terms of hydrogen. It is, bowaver, proniotiirc to disem;! stich (|iies^ 
tbns until more infornnition is obtained aft to the structure of the 
nucleus und the elfcrt of concentration and distribution of the com¬ 
ponent electrical charges on its apparent mass. 

ciiAnoe cAiiitir:D by the NtJrn.Eca. 

II e art) now in a position to consider u very important question, 
tlic magnitude of the (xisitive charge curried by the ntomic 
nucleus. Smeo an atom is electrically nentral, the negative charge 
carried by the exterior distrihntion of electroriH in the structure of 
tlic atom muFt be cijrtii] and opposite ft) tlie rmultimt positive charge 
carried by lliu micleus. Tlie electrical charge is most conveniently 
expressM in terms of the number of the fundamciual units of 
charge in tlie nucleus, Since the cliargo carried by the electron 
IS one unit, the charge cm the nucleus of the wUmi muv lie expresftl 
nnmrrically by the number of eh-ctrens csterior t^ the nucleus, 
^versl m^hods of attaek on this problem havo been EiiggestoJ. 
fair J, J. Tliomson allowed that the scattering of Ilonlgen ruya in 
p^ing ilirougli the atoms of matter must depend on the number 
of dwtrons eonijmsing the atom. By assuming that each electron 
scattered is an indefjendent unit, au esrpreanon for tiie Bcatloring 
was found m terms of the number of electrons in the atom. By 
csnniparjson of the theory iviili espcfriment, Barfclii deduced that for 
numy elements the niimiK>r of electrons in an atom was appresi- 
mately projjortional to itx ntomic weight and miniericallv equjd to 
about one-lmlf of the utomic weight in terms of livtlrogen 
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The clinrge in the nucleils can also be directly doterminei! from the 
experiments^ on scuitcring of Htphci rays* to whieli iitLeiition bos pre¬ 
viously been drawn, (xciger smd Mur^deii found tluil tbe Jivrgit'- 
angle setittering of alpha niys in passing llirwigii dilleient sub- 
stances was proportional per atom to the EKjtiare of its atomic w*i?jgbt, 
Tbis shuwcpl that tbe piisitivc charge on the nucleus wtia approxb 
iiiiitely proportional to the atomic weight at any rate for elements 
of atomic weight varying l>cLwisen aluniimum anJ gold* By ruens- 
uring tlie fruclion of the nunilwr of aljiha particles whieb wciio 
deflected tlu'oitgli a definite nngle in pji?;sing tlimugb a known lUk-k- 
ness of matter^ ilic charge on the nucleus was dcdiicctl iUrectly- The 
iiiiTiibiL!r of positive units of charge on the nucleus^ which is equal to 
the num5>er of external negative electrona, wna found to lie expiTssed 
by about oiie-lialf of the atrmne w'cight in ternv^ fsf hydrogen. The 
results obtained by twn entirely dintinct Jiietliodi; of attack are thus 
in gfKxl accord and give approximately the niagnittidc of this impor¬ 
tant ntoniic constant* 

It IS obvifjusf, tiow'ever, that the ilcduction that the nmuher of units 
of charge on the nucleus is linlf the aloiuic weight must be only 
a first appn>xiiniitinji lo the truth, even in the ca:^ of the heavier 
atoms. It has already been pointed out that the nucleus of the 
lieliiim atom of atomic mass four must carry two unit charges, for 
it is diflicult to believe that msy of the exterior electrons of belium 
cun remain a tin died after its violent expulsion from the atom and 
its Hutj^ffiaiuent passage through matter. If this l>c the Kkse, the 
iineleii!^? of the hydrogen atom of atomic mass one must carry one 
unit charge. Van den Broek and Bohr have suggested that the 
charge on the nucleus might erpiiil to the uctiiid number of the 
element when all the known ejements are armngt^tl in order of 
increasing atoniic w'ciglit. This is in excellent accord witli the 
expt'riments of scattering, and removes n rlilficiilty in regartl to the 
lighter atoms. Taking this view, the nucleus eliarge is for hydro¬ 
gen 1. helium *2, lithium 3. carlion fi* oxygen 6^ etc. The siiitp]Sdt]i^ 
of this conoepfion liiis much to commend it. 

During tins last 3 ear a neiv and powerful melhud of attack on this 
fund ament id pniblcm has laeen develops! by Moaeley by the study 
of X-ray In Lane found that X rays dm wed obvious 

iiitcrfarcoce or diffraction effects in their piiesaige tlirough crystals, 
thus proving definitely that the X rays consist of very diort waves 
analogoTLs to those of light, W* H, Bragg and W. L, Bragg and 
ifoticley and Darwin found tliat the reficetiun of the X rays from 
ciystab provided a \ery simple mcthfHl of iiieasiiring the wave 
length of the X rays when the spacing of the atoms in the crystal is 
known* If the X rays give a s|>ectruni containing some bri^t lines, 
liMis"—H34 id: 5— m 
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the wave lengthy <if the latter cnn be dmplj deiermined. The TVi>rk 
of Burkla has shown us that an X nidi at ion, idmnicten^tic of eacrh 
element t is excited under certain coiiditicma when X my a full upon 
it The penetrating pow'er of this churacteriatic radiation increases 
rapidly with the atomic Aveight of the radiator. In lieai’y elements, 
anotl^er type of characteristic radiation makes hs appearance. I’hcse 
two types of characteristic radiation have imti called by Bijrkla the 
K and L radiations, respectively. These radiations enn be excited 
either by X rays of suitable iwuetmtiug [xiwer or by direct bom¬ 
bardment of the element by ciitboUe niys in h viitniim tube. Moseky 
made a systematic exammutiou of the X-rny spertm of a great 
tiiaJonty of the elements* For tliis purpose the elements examined 
were bombarded by cathode rays, and the speciriini of the mdia- 
tion examined by reflection from u suitabk crystal. He found that 
the spectra the K radiation ft-om elements varying in atoinic 
weight from alumimum to si her were all similar in type, consist¬ 
ing mainly of two strong lines.^ An example of the spcctniiii ob- 
tjiined for a number of suixressi ve elements is shown in plate fi* figure *2. 
It h ^n that with increasing atomic weight the xvave length of the 
corresponding lines diminbhes, not irregularly but by definite and 
weU-marked steps- ^loselcy found that for the K radiation the 
frequency of the radialioti waa proportional to (N-a)®, where K wiis 
a‘whole niTiuber which varied by unity m psn^i^ingfrom oneckmeoi to 
the next of higlier atomic weight and a was a constant about unity. 
From silver to gold the spectra given by the L radiations of elements 
were compared. Tlieso spectra of about five lines, of which 

two arc relatively very strong. It was found Hgain that the j^peetra 
were similar in type and that the frequency of a given line diminished 
by definite steps in passing from one ckmont to anntlier- The fra- 
fjticncv of the radiation in this case was proportioniil to 
where b was u coustmit niid X a whole number. Moseley concluded 
that (lie value of N in these expre^ions was the uuwii^r. i. e., 

the number of tho dement arranged in order of increasing iitomic 
iveight. Taking aluminium as the thirteenth ekineul, lie foinul 
that succeeding elements w ere expressed by the value of X 14, 15, 16, 
17, etc,, up to 7T for gold. 

There Mp]iears to l>n Utile douht that the X-ray spectrum of nn 
element arises from the vibrations of the Hugs of electrons deep In the 
atomic struetiirc outside the nude ns. Quite apart fitim the very in¬ 
teresting question of the mode of origin of these very high frequency 
spectra, it is seen that the fundamental moiled of vibration of the 
dLstrihution of electrons are simply coiuwsiteil wdth the srpiare of a 
number, w hich v^aries by unity in passing from one element to the next. 

^ lb liEf-r irorA UiLiitlliiioa mud Bnas faubd tSat of tha&a lla« (a Id rra]li7 

a T^Tj clw dffluCiljB. 
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There appears to he no doiibt that the atomic number represents the 
iiDtiiber of units of positive cfuirge nirrieil by the nnetens, which, on 
uccouiit of I lie utomJe nature of elwtricity, cmi only vary by wJiole 
ntiiubers anil not by fractions. 

It is obvious that tlic stinly of X-ray spectra reveals at once 
whether any atomic number is missing, and als<i affords a reraark- 
iibly simple inetiiwl of settUtiff the tnimlier of elements posihle in 
the rare earth group about which there has been so mudi ilitferenoe of 
opininiK Moseley conchided that from aluminium to gold only 
thix'e possible elements were missing which shoiihl have atomic nimi- 
Ijcrs -13, Cl. 75, and only one element of nuinlier 61 appears to 1m 
luissiug in the rare earth group. The frequencies of the X-ray spectra 
of ilicsc missing dements can be culcutatcil with certainty, and thew 
data should prove an invaluable aid ill a search for tlieso missing 
ck'iiii'iits. It lias long Ixxm known that nickel and cohaU Oixmpy an 
aijontalons posit ion in the periCHtiv table when arranged according to 
atomic weights. Tliis difficulty is now tetiioved, for MoteLey found 
that when urranged in order of nucleus charge both dements fall 
into the position to Vw e.vpeilvd fivim their chemical pratierties. 

NUCLEUS f.'HAnai: AXT> UHEMICAI. 

It is establisliGi] hy the work of Moi^ley that the elements can bo 
delincil by their nuclei is charge, iiml that probably elemeuts exist 
whi(‘li have all the nucleus charges from 1 for hydrogen to for 
lead. There is, however, another very important consec}ueiice that 
follows from this conception of tJie atom. Disregarding for a mo¬ 
ment the atomic weight whicJi de[U>mb niaiidy on thestruftiire nf the 
line lens, tlte main physiesl and chemical projierties of the ntenn iiro 
dctcniiined by tho nutdeiis charge and not hy the atomic mass. This 
iiiiist obviously be the case, for (he iiiiinlicr and distribiition of elec¬ 
trons a round the nucleus is detemiinefl by the electric forces between 
the electrons and the nucLoiis, and this is dependent on the magni¬ 
tude of the nucleus charge, which may be regained na a point chai pe. 
Witlumt entering Into the iliflicllU question of the actual distribu¬ 
tion of the exterior electrons in any atom, it is obvious that tlie 
uuiiiber and poaitinn of the outlying el«H;tr»ns of the atcuiiic .struc¬ 
ture, which protmbly mainly tndiimce the chemical and physical 
properties of the atom, are determined hy the charge on the tiuclcus. 
No doubt if the electrons are in motion, their jiositions relative to the 
nucleus and possibly also their rates of vibration will be slightly 
influenced by the mass of the nucleus as wdl as its charge, bnt the 
general evidence indicates that this effect must lie very small. 

liVe thus see that there is in the structure of every atom a i]tiantity 
which is more fund d mental and tm^xirtnnt than its atomic weight. 
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viK, Jla unclear duuge. It is known thnt Llie variation nf tlic filomir 
weights of the eleinonts with atomic nimiber^ while trhowmg certciln 
welt-nisirkc4 relationships, sliows no ckfiiiite legnUuity. Vroni the 
jiijint of view of the nucleus theory^ ttie stomic wei;ilit of an demecit, , 
vhile in cases approximately proportional lo atomic tunn- 
is in reality a compliaited fiiricttori of the acluul irtruetiirc of 
the mielciis- The question why the atomic shoiiltl not nec^- 
finrily (je proportionul to the atomic number has already l»cen dLb- 
cusectl nu page 1^3.^ A^liik the main |u'<ipcrties of jtn atom are cou- 
trollcil by its nuclear charge^ the proi>crty of gruvitatioii and als4> 
of nulioactivity are to W oscrilsed inaifily, if not eritirdy^ to the 
nncleus* 

RAr> 10 ACT£VE ELI-:5tKST« AxVti THE riUJUnilO SKKlE-S, 

Since tlic iiiideiis chaigc of an atoiu ikccraiint^ the inn in ]>hyiiical 
ami chemienl pniljertle^ of an atom, St is jwjiiiiljle that deiuenUi ruity 
exist of ciiiinl unclear diargea hut djlferent atoiiiit: weiglvLs* J"or 
exain|de^ if it wei'e possible to ndd a helium nucleus to the niiclciiri 
Ilf atirither atom, it would increase the nuclear charge by two and 
the mass by alxiut four; if instead of the heluiin nucleus two hydros 
gen nuclei were added, tiie charge would be the surne^ hut the ma^ of 
the leJiuUing ntom two Units less than with lidium. In itiich a ctise 
two atnirm vroultl be p<w^sible of identical nuclear charge but di Here lit 
atomic weights. In a dmilar way it tnay he possible for denicnts bi 
exkt nf the same atiitnic ma»4 but fitffcrx'jil Eiudear charges. Tins 
would be Iirought alaiut by tlie loss or gain of otic or more negative 
electrons in the niiclcuB- 

liie study of ruilioactivo dements has in the la^t year thrown u 
iIimmI of light iint only on this ]irotp!etn but on the iimlerlying iiicnii- 
ing of the pcrJiHlic law of the elemeuLs. IfiisscU^ Fajans+ and Siddy 
jnileiiendently put forward a i^n^arkahlo and important gencmUz 4 i- 
liiiii in regard to the diaiige of chemical properties of the successive 
pnHlucti of traiiEfoniuitlon of the primary radioactive dements. 
This generalizatioii can bo very simply expi'icssecl in terms of the 
iismil ariangciuent of the dements in groujjs uccordiiig to the 
perimlic hiw. It found that after a trunsfovinatlon in w hich alpha 
particles are cx[]ellcd the rifsulting element has tlieiuiral propertie^i 
winch shifts its place I'wo groups lower in the direction of dimiuif^ln 
ing mas?. On the other hand, the element resulting from s l>eta ray 
tninsfonnaticiu shifts one place in the op[>asUe dii'ectiuiu For ex¬ 
ample, radium, which is in Group 11, changes Jifter hm of an alpha 
particle into the emanation into group (h which include^] all tlie 
inert giiferes of the hdium-argon type, Tlie emanation after loss of 
iinntlier piittule l^xinies nulium Aj wdiich hedongs to Group ATj 
jmd thk in turn liecomes rudiuiu B belonging to Group l\\ Since 
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riiiliuni B iri Cransfornied hy the loss of n Sietit paiiirhs the resultirig 
elemeDt, ra^Hutn C\ teikes tip n ])n$ition iti (jfoiip By this siuiple 

rule it has lH.H=!ri found pc^^il^e to define the es^niiat clicniim] prop- 
ortios of nil ktUiivn rnJJoaiitive elements. It vtm found tliat on this 
llieory one element was misusing in the general scheme. This element 
was ilisro^'ert'd a few weeks later by Fiiijans and Geihring and found 
to have tlie general ehemical prc>|>ertii.^ jn'edicted for it. 

This generiilization is capahJe of a very simple explanjition »n the 
niirlpus Bieory. Tlie hiss of on alpha parliele of charge 2 lofriTA 
the niu-lrar charge of the resulting elements two units; the loss of a 
Ii€*!u partielct wliich carries a unit negative charge^ ihe ntidear 
rhsirge hy one unit. In tAh^- vvordsi the ntfunic nnnil^er of an 
t-lnment shifts two tuiits lower after lof?: of tin alpha partich^ and 
hliift^ one unit higher afler h>ss of a la^ta particle^ 

Tlir atomie nunilHirs of the eleinenlK in the nranjiini-riidjnni series 
can he aim ply deduced from this rule if the atomic nii;ni)>er r^f one 
element is known. shall sec later that the atomic nuinln:'r of 
radiim^ 14 is 82 and identiral with that of bad. The actual atomic 
nunilwmof the various cleinentH are given in the circles representing 
the atoms in figure 1. It is seen that umniiiin^ the heax lest known 
elernentj lias an atomic mimlxsr, 82, while the cteincnts nidinm H. 
rndJuin D, and the cud prodiictj which k IjelievfMl to Ik? lead, hiive 
the same atomic nuralwr* vk, 82. The evidence of the correctnesii of 
this striking crtnchisioD will now lie dUem^sed. 

As a. residt of a careful cTiindnatmn of the radioactive siibstances 
it has !>een found that in a number of cases elements which are of 
ditferent atomic wciglit-s and e?i:hibit different riMlioacliv* proper¬ 
ties yet show Idiiiitical general phraciil and dicniicnl Iseliavior, 
For oxxtTiiple, the elements radium B, radium I>, and lead, 
of atomic weights 2 LI, 210, and 207, rcsjasctlvely, are so clo^ly 
allied in diemic^d and phyritTOl prfipcrtit^ that alt attempts to 
faepamte a nu.vtnre of ari}^ tw^o of them have failed cotnpletcljr. 
Thk would Iw ex[diiined if the nuclear charges wrere identiral for 
those eleiiirnt^* as the generalization, already refenod to, inVlicatcs. 
If this l>e the case they Blinuld give iilenticid spectra under similar 
conditions. Unfortnnntely, the elements radiiiin B ami nuliniu D 
m-o in too siiudl quantity to determine their onlinary light si>e<:tra, 
blit we ran compare the X-ray ffiJCctnim of lend with that given hy 
mdltini B nniler the excitntioti of its own lieta rays. Ex|>erlmcnts of 
this kind weiti recently jnade by Dr. Andrade am! the welter, and the 
two spectra were found to be identicid within the liniits of experi¬ 
mental eri'or. It is to Ih? imtieipate<l that their liglit ^ectni would 
also prove to Ih 3 Ideniicah or nearlj’ so, fnr, as previously pninteil out, 
the eifect ipf the ma^ of tlie nuelen^ on the stmctriiin is prohahly 
very small. 
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The fnH £hiit d^e atoms of diese three elements are not identical 
regards mass or riidioaetive properties sliowg that the structure of 
the nueleus is different in each case* 

There is amUher important dedtieiion that slioidd f>e mentione^L 
Tlie end product of the iiraninm-radium seriij^i is an Uuurtiv^e cleinpnt 
Avhicii has long been considered to be leud^ but it 1ia$ been difliridi 
to verify this condiision by direct e,’q>eriiuent* Wo have seen tliat 
the end prfrfliirt hna the sotne atomic numl^er as lead* hut shon){] liLive 
im atomic “^veight alxjiit SOfl instead of wa fo\md for in'dinary 
lesnl. In a simihir wii}' it hus Wn coiieludeil by SoJdy and FajaiiS 
that the end product of thorium has itio sinie atomic mmilHT na lead, 
hut should liuve an ntoude weight alKiui SOSJk Tn order to test these 
rerimrkahic conclusions experiments are now in progriw by a numirer 
*if inve.^tigators in tlifferent countries to examine whether the h-ad 
always found in riidioActive minerali?^ and wliich presumably has 
partly, if not wholly, it radioactive originj shows the i^iiic atomic 
weight ns ordinary lead* So^fdy liaiF alnuidy found evidence that 
thei'c is a distinct kliflerence in the atomic weiglits in the direction 
]i red if ted l>y the theory** 

Tlie question nutundly arises whether some of the ortliiiary elr- 
menta tiiuy not prove to hi* ji mixture of two or even more of ihcst' 
Lsotopoa, m they have Ijecn termed. Uni ess tlie eomponent iS[ito|>es 
are jire^nt iti ditTei'cnt protwrtion in different natural sources of tlic 
edement^ it will lx? dtRiciiU to settle this problem by ordinary chemi¬ 
cal methofU Tlrere is one element, however, besides lead> fixun wliieh 
some intcrr.stJng evidence has l>een obtained on thk point- Sir *T. J, 
Tliomsim found by examining tlie deflet^tion of the positively charged 
puiiictes proditcrcil by an electi-ie ciLscharge thrfiugh the rare gas 
neon tlmt two elements were pre^>nt of otomie weights flb 4 mt 
(neufi l imd £^2. Aston was able by diffusion exjierimpntH to separate 
pnrtinlly the two components of neon and to show tliiit they diffetej 
in deni«ity. Imt fiiileil in attempts to sepnnUc them by fractional dis- 
tillutinn in charcoal Cfxdt'd by liquid air* Such results are to Im 
mititipifcU-d if neon is a mixture of two isotopes; i. e„ elements of 
identical nuclear charges hut diffcHMit atomic weights. 

It 15 obvious that this new point of view will rcxidt in a sTstcinatlc 
exriminatioii of the elements to teM for the possible presence of 
isotopes* and thua give nn additional reason for the aercurote deter¬ 
mination of ttlomic iveighLs for elements obtained from widely dif¬ 
ferent scuirces. 


tidarp tlw ^]|T«»J7 <if llilif Iwtuw >ilmnnr marliiirlaiu U&tr‘ f^ch^ U/ ttip 
tDpatK Ulrlinr4ii ftti4 1& una minlipKbaH In Vln'ena, Thm utlU, 

fvtanltiJ HDKi mv lo tth- a.^iiil la unaliain 

1(4^ Itbnrlcra rwiit tail iiraiDirj h-ta. A TPrj pmialrlni; tw^elnnThK turn UjiiH |j«Pti 
fki3 llJfr ilttLK ftff thl» nwiJit litipiartaDt Kn\^ OiaaiainnlA] prrttil^iin. 
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DlSTIUBtTIt JN OF E1.ECTRONS IX THK ATOal. 

It is Keeu tliat ilie nucleus tlu'Ory fif tlie atom offers a simple m- 
plonntjon of many importaitt faiHs which have \wn hi'ouf^ht. to 
figlit in Tcoent years, and for tJiis purpose it has not been necessary 
to iiaike any 5 |>ecia! assumptions as to the actual ^ructure of the 
nucleus^ or of the way in which the external electrons are distributed. 
The in vest ignition of tlie latter problem Js beset with many difti- 
ciilties: for an electron is attracted to^vard the nncleus, and even if 
it is in orbital motion, it iiiustj on the electrornagi^etic theory, lose 
energi' by rsidiatioll and iiltinnitely fall into the nuoleita. It appears 
likely that this diflScuIly is in reality due to our ignorance of the 
conditions under which an electron radiates energy, Aa.'ording to 
the views outlined in tins lecture, the hydrogen atom has tlie sim* 
pli>,st pi>s^iible structure, for it consists of a nnclens €jf one unit 
charge and one negative eleetron* Tlie f|tiestion naturally arises 
how' such a simple structure can give rise to the complex spectrum 
observed for hydrogen. This problem has been attacked in a wries 
of remark able papers by Bolir^ wlio concludes that iho conipkxity 
of the spectrum is not due to the cnuiplexity of the atomic structure 
but to the ruriety of nuxlu^? in which an electron can emit radiation. 
Suppose^ for es^ninple^ that a hydrogen atom has lost its negative 
electron. Bohr supposes that an electron falling toward the. posi- 
t\y^ly chnrgcd nucleus may occupy temporarily any one of a number 
of stiiLioiiEir^r positions fixed relatively to the nucleus. In fjilUng 
from one statjomiry stale to another^ cd dint ion Ls emitted of a definilo 
frefiuency v which is ennneirted with the difference of [votcntial energy 
K of the elect nm in the two stationary states by l^^h v where li is 
Planck> fundiimental consttmt* On this hypotSu'sis:* he has Iku!ii able 
to account for the series siieetm of hydrogen and to deduce directly 
from the theory the viiliie of Balmer’s coiustant wdiich plays such an 
]tJi[>orturit pjirt in tlie spectra of all atciuis. In a ^iatilar Way* the 
helium iitom is suppo^^d to consist of a nucleus of two imit charges 
surraiinded by two electrons. On this theory^ the spectrum nf helium 
is connected in a very simple way w ith that of liydrogen. Bohr also 
pointed out that the Pickering seri^ of sjscctiid lines observed in 
certain stni-s which were originjilly attribnt^l to hydrogen must bo 
ascribed to helinui. This conclusion has since been strongly bU|v 
ported by the direct experiments of Fow !er and Evans* In n similar 
way^r Bohr described the possible distribution of electrons in several 
of the lighter atoma ond also tUsenssed the stnicture of the hydrogen 
molecule^ which is composed of two hydrogen nuclei and two elec¬ 
trons, Tlie heat of combination dediicecl for the theoretical niolecaite 
is in fair accoid with e.xiierinient. He found that two helium atoms 
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wtirt UT^iiblc to to fariii n —in apreenient with a well- 

knowQ pmpcM'ty of this gag. 

liile there is room much iliffei^eiiec of opinion as to the in- 
teipretation of tlie intliar revolutionary o^iimpticins made by Bohr 
to explain the structure of the ^imjik atonal and iiiDh?<ni]f^ there can 
be no doubt of tlie gretit intei'e^ and ]mpuitatHX!i of this liM nttriiipt 
to deduce tJie struct uro of the simple atoms and lit exp Jain the origin 
of their s^icrtni. The ngrccmcnt of the [iroperties of snch tbeijretical 
fttriictures. with the actual atoms is in ficveral cases so rciniirkaljle 
that it is diflicult to hidieve tliut the theoi-y is not in some way an 
expression of tJie actual facU. IVhile much work will l>e necc^ary 
tefore wc can hope to uiidei^tand the stnictiire of uiiy but the 
liiiupii^t; atoms, a promising l>egiiinitig has Wn made in the attack 
on tills nnksE difliciilt and fundamental of problems 

There m'^ms to l>a little donht tliat the mure marked physicid and 
chemical pro[}erties of an atom arc to be attributed to a few outlying 
ele<1r(mB in the atomic Etnicture* Tliu posit inn und number of Uiese 
valency elevtronjs, they have been ieniicd by Stark, are dehneil 
liy the magnitude of the nucleus charge. It has previously been 
pointed out that the loss of on alpha particrle from a radioactive atom 
changes the pifcsUion of the element two groups lower in the periodic 
table, while the loss of a U»ta particle raises it one gi-uup higher. 
Cunsc^pietitly it follows that the lijss or gain of a unit cliargc from 
the niudeiis of an atom causes it to change its pt^sition from one? group 
tn the next. If, for example, we follow the chemical proftertiea of 
siiccftssive Ldetucuis when the uticlens charge incixiasc^ liy iinity^ we 
stMtn nucli an elcmeut which ladongs to the same group "ss the" first, 
although of much higher atomic weight. Wv iiuibt cunseiiiientiy rtm- 
clitde that the nunilier und |>ositioti of the outlying electrons in the 
structure of tlie atom thruugli .^'uccesshe changes which arc 

reguhirlj^ repeated with liicrtnisiug nlomic weight. Quite apart from 
any ilchiikd kiiowlctlge of the electronic diKirihutioii of atoms, the 
ivgidiir iTcurrcnce of eleiueuts nf similar chemi^Til properties w itli 
increasing Htuiiiic weight 15 to Iw Eiiiticipated on Ihe geneinl tlieurv 
tliat liii atom is an electrical stnicliire, 

i:V<)Li:TK>X iW THE ETJ^fKNTf?. 

ft has long l>een thought probable tiuit the elemenis are all built 
lip of Mjjnc fundamental suhgtiinces^ and Prtmt^s well know'n hvputhc- 
sis that all ulon^ are compi»^?d of hydrogen is one of the best-kiiow n 
cxEiinpIe^ of this idea. The evidence of riidioiictivity certainly in- 
dli^tes that ilie heavy nidioactive elements are in jiart composed f^f 
helium, for an atom of the latter Jipi>«irs na a result of many of the 
ratliuat tive tmiisforuiiitions. No denuite eviiileut^*, however^ has hc^eii 
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obtaineJ that hydrogen appears ns st r^ah of fiticli transformaUfuis; 
but as previously pointed out oti page lieliutn iiiay j^nivc ta bj xiii 
ini porta nt secondary unit in tht structure of heavy fitnms. While we 
have thus undoubted evidence of the breaking itp of heavy atoms?, no 
indication hiiH yet been otiserved that the mJioactivc are 

rovorjiiblc under ordinary conditions. Many invcstigaLions have l>eeti 
made to test whetjier new elements appear in strong electric dis- 
ehsirges in vaeunm tubes. While some of the results obtahieil arc 
didicLiU of interpretation^ no reliable evidence has yet adduced 
that one eleuient can be transfoniicd mta imother under g^iudi mn- 
ditions* 

Tlie fjisestinn of the evolution of the ekineiils baa been attacked 
frtnii another aide. Sir Norman Ixickyer and others have snggosii^l 
that tiie elements composing the star are in a stiite of inorganic 
erohition. In the hoUcst st^rs the spectra of liydrogcu and henuni 
pnKlominutr. but with tlecreftsing toiupcrutui-e the s|>eelra becomes 
more coinplicatetl and the lines of heavier elements appear. On this 
view it is supprksetl that the light elements combine with dec ■'easing 
teiu|>epfltitre to form the heavier dcmcntii. 

There is no doulat that it will [irovc u very dilFicult tusk to bring 
about the transmtitation of matter nridcr ordinary terrestrial condi- 
tionsw The enormous evolution of energy which accompanies tJie 
transformation of radioactive matter alTords some indication of the 
great intensity of the forces that will be i^uired to build up Jighter 
into hcEivier atoms. On tiie point of view outlined in these lecLurei 

tiic building up of a new atom will require the addition to the 

atomic nucleus of eitlier the nucleus of bydregen or of helium^ or a 
combination of these nucleic On present diitxi this is only possible 
if the hyflrogen or helium atom is shot into the atom witli siieli 

great s)iced that it pusses close to the ntideus. In any case it 

presumes there are forces close to the nucleus whicli are equivalent 
to forces of attitietioji for positively charged masses. It ij? possit^Ie 
that the nucleus of iin atom may be alteredn, either by direct col¬ 
lision of the nueleuB with vety swift electrons or atoms of heliiiEiu 
such as are eierted from radiotictive matter. There is no doubt 
that under favorable conditions, these particles must pass very close 
to the nucleus, and may either lead to u disruption of the nucleus 
or to a comhination with it. Unfoitiinately* the chan™ of such u 
disruption or combination is so small under exiierlmental conditions 
that tlie luimunt of new matter which is pc^ihle of foraiaition witiitn 
a reasonable time would be exceedingly small and so very diilicult 
of detection by diiect luethcids. V^ry penetrating X mys or gamniu 
rays may for similar reasons prove to be possible Ligencii*.SE for cluing- 
ing atoms. Although it is diflieulf to obtain diret^t ev1Jeticx% ! i>er- 
aoiijilly imx Inclined to believe that all aloms are built up of jxisitive 
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electrons (hydrogen nnclet) and negative electrotui, and that atomfi 
ure purely electrical structnies. 

There cun be little doubt that conditions hare cxlsitcil in the past 
in which tlicse electJ'<riut have eonihinefl to form the ntutua of the 
elements, and it may he quite possible under tlie very intense elec¬ 
trical dUturboncea which may exist in hot slam tluit the process 
of combination and dissociation of atoms still continues. 

In these lectures I have triwl to give nu idea of some modem 
view's of the structure of tlic atoms and of tSie great variety of 
new and powerful nietliods which have been ujiplied to tlie attack 
of this problem in recent years. We have seen that a lieavy atom 
is undoubtedly a complex electrical ^stem consi.sting of iMsitivdy 
ond negatively charged particles in rapid mrition. The general 
evidence indicates tliat each atom contains at Its center a luossive 
cluirgcd nucleus or core of very small dimeiisioniJ surrounded by a 
clustw' of electrons, probably in rapid motion, which e.xtciid for 
distiuices from the center very great compared with the diameter 
of the nucleus. Such u view aifords u I'eusonuhlo and simple ex¬ 
planation of many imiiortaat facts obtained in recent years, but so 
for only a lieginning 1ms been made in the attack on the detailed 
structure of atoms—that fundamental problem which lies ut die 
basis of physics and cliemmtry. 


SIGNALING—THE PROTECTION OF SHIP- 
PING BY A WALL OF SOUND AND OTHER USES OF 
THE SimiARTNE TKLF/iRAPH OSCTLLAT(JR.^ 


By R. K, 


ComparcKi witli other forms of trnnsportjitiotii^ the nmdiint of 
njiei'gy neresesiri* io trun^fport u'utitr-borjie freight i£» very biqiyIL 
and I'ost would bo eheap indeed if it were nut for tho dangen^ of 
tlie sea. W'e Uave fogs imd rocky coiihisL, shoals and u-ebergs, cur- 
nmts and storms to giiard agaljjht^ and these add iwmensely to the 
exijenso* Of tlds we have lisid a very recent iiistaiite;, fur, sm the 
result of the loss of the TitunlCf vessels ciinydng pa^ngei^s are auw 
rniistructeit vvitti a ijonipleto double t>ottcini extending almve tlie 
water line; in other words* instead of a single ship wo uuist now 
have tivo eoinplete one entirely inclosed by the othtu*, AnJ 

the toss of tlie E7nprcs» &f irehtnd indicates that even this may not 
la^ adiN|iiiite. 

Bit by bit the dangers which beset the early navigators have 
lieen overcome* The chart told him the bfst eourae to take from 
one iHjint to atiother. Tlte mariner's compass enabled him tu main¬ 
tain his course when the tftars.were blotted out by eluiulsi, With 
sextant and cUrononieter he located his position^ with lug mu! 
soundings he gTiiarded himself when a sight could not be obtained- 
Store recently w ii’elea^ telegraphy has enable<l him to call nssistance 
in time of danger* But with all tliis, many dangers remain. The 
more important of these are due to fog^ 

Tlie North Sen* the English Clianriel, and the Grand Banks, tlie 
New England coastT the w'estern comd of tlie United States, British 
(^ilinnbiaf and Ala.«d;s, and other points ai^ all of them siibicct to 
foga* sometimes lasting for weeks nt a time* and it is therefore not 
surpriBiDg that thousands of lii’es are still lost at sea each year* 

And there is not only loss of life; the pecuniary loss is also very 
great, ft is no imusual occurrence for a score of steamem to be tied 
up at one time, unable to enter hiirhor on account of fng or of the 
coinblnation of fog and rough weather* 

*■ E^prlnli'il by l^nplMkloo rfotn tbr PmcwdUnTV of Am^rinta iDvtlEnr^ nf Prt'lrEnil 
RaifTae^rtc, Octube^i', IP 14. 

m 





204 ANNtTAL liJfiPDTiT SMITHSOMAX TXE^TTTTTTIClNj iWh 

In sudi n cflse tbe to tlie steamship companies in interest ami 
ikpreeiatiori on siii] and in may en^ly amnimt 

to more limn $i^0,000 p-er dny^ muI thm loss occurs not once Init frC' 
fjucntiy during a yeiiTj und on many routes. 

In addition to this, ttie danj^r of collision in fog adds very eon- 
si dembly Lo tlie cost of in-surancct nnJ some of oiir TTorst dbataterg 
have oecurj'ed in this way. 

Aside fram thow dungi'rs peculiar to fog there rcnmitis a ntiinlier 
of tathers. A cfmtinuance of cloudy wea^ther or abnomml w:enii 
currt'tats^ or LiotJu may throw the nnvigator out of IiIh ret'koning and 
place hi 111 on a rocky shore a score of miles nway from the sjife route 
he u.^uine£ himself to tie following. 

Icebergs still remain a menace in spite of all the efforts which 
have been made to guard against Itiem. From time to time srtateiiients 
have Iwen made that apparatus has liecn devised whirlj b capable td 
Incutrug their [ircst'Occ^ but in every instance in which such oppartitiis 
has been tested it Inas provee! a faihii'e. 

The history of systcniatic rmirinc protection by inean^ of llght-^ 
houses and beacons does not go back very far^ It Is true tliat there 
wun^ a few- lighthouses, sndi as llie Pharos of Alexandria, ctmturies 
ago, iiut even in quite recent years a Enrnpr?an Government received 
a petition for com[)ensiit inn fnmi tJic inhabitants of a senroimt di^lrlct 
on the ground lliiit the erection of a lighthoiLse had deprived thent 
of one of their principal sources of income, to wit* luring vessels cm 
neordiy shoals by meiinA of false lighte 

The ^stematic emplojiuent of sound signals for marine protection 
\b of still more recent date and has never been ^r^irricd out fully, in 
spite <kf tlio fad. that mtmy of our^greotest scientists, for e-viiitiple,. 
Tyndall and liayleigh^ have devottfd special attentiun to this matter. 

(Jne reason for this is that sound signals produced in air are very 
erratic in iheir range and intensity* so mwth so us to lie on many 
orirnsions niiiaihitely misleading. This is due to the fact that when a 
fog hom is blown the sound may lai carried by the wind ni- may be 
i^dcctorl or refradt^l by layers of air of different densities^ with the 
nKiidt that the ftotiud may he aiidihk ninny miles away, wlitle thei^ 
may ho a zone of wnnplde silence extending from a few hiiiulreil 
yards in front of the signal to a distanct! of 4 or n miles. 

As this phenomenon is by no meatus Infrequent, the result has iieen 
to discredit more or 1™ this tyiic of fugnal, and it will U* evident 
that the knowledge that o idren tunl Ijcen installed at a certain fhm- 
gerous point migiit prove a source of danger iiu^tead of a pixitectioru 

As alri'aJy stated, many eminent men have worktxl iqion thin 
prcahlem, but it was not until Arthur J* Miincjy, of Boston, siiggi^ted 
the of water instead of air the medium for transniittlng slgiinb 
ami proved its value by practical deniunstralioii tlnit any great 
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ficlviinoo wiiS Hiatle, Waiter hiis many Lidviinta^ over siii- for this 
purfia^, 

1. It} t[LG first pkoGt it is froe from tlie dangerous zones of sikneo 
H'Jddi occur wLigh the signals ore proclnced in air^ 

2. In the ^eoml place^ the nbsorption of the sound is much k:^ 
in winter, find conse^jueiitiy tlie sigtini is not only alisoiutcly reliable 
hut is transruittcJ to n distance many timvM grpater than tvlien it is 
Li afiSDiitted lliraugh air. 

ik The sound is not carried away by the wind in stormy ^veather^ 
as is the case with the siren. 

4- It is not aitecU'd by iitmn^phcric distorbaiiccs^ as is the ease of 
wirelesffi^ 

5, It permiU of tim nccumte determitidtioji of the dii-ection from 
which the scuind is proceeding^ which is not the ciise with eitJicr the 
air siren or w ireless tekgniphj^ 

Some recent instiinces w here diipa have dgnakd hy wiredess tliat 
they wTre in di^trrso hut hare had to remiiin wutliout arista nee for 
[uariy hours, and in one instance for more than a dny^ their 

locution coidd nut be determined by the vesjjck coming to their aid* 
will btf fatiilliar to everyouep 

All these advantages ind1r;ite[1 eieaily ycjirii ago the advisabiliLv 
of devclopinig uppoiatus for signaling by means of somnl wavi^ 
transmitted through the water itself. 

But it is one thing to conceive tlio idea and another thing to 
develop a practictil bysteni^ and it may be of inteiTst to know that 
up to the present time tlie sum of a injlltoii dollars hns l>een invested 
in developing sTihmarine signalings so far w ithout monotjiry return. 

The first method which was employed for producing the sound 
was through the striking of a 1 m? 1U and the method of receipt of Iho 
wNis by means of a niicrophone attached to the akin uf the 
ship. Neither the origmal beU nor the original iiiicruphouo attarh- 
iiirnt was fiatisfaetory. 

It would bo in:tpossible in the apace permitted to discuss even brieflv 
the innumcrabk e!C|>ciiments made with different aij^cs of belh with 
different mater ink for the bell, with different methcMlis of ju-oduemg 
tiie blowr, the precaiitimis taken to eliminate cketrolytie action* with 
different types of niierophonc, with different methods of mounting 
the micraphone on the aide of the ship, w’itb the cxiMsriments miule 
to minimize w liter and other noises. It will be suJGcicnt to sav tliat 
finally the w ork of Mundy, Wood. Fay, IVilliams, and others re^sultcd 
in a completely practical system, 

The submarine bell in use on tjje lightships is actimteNcl by coni- 
jrressed air stored in a r^rvoir. The artiijiting wheel has projections 
mounted on it so that when the wdieel revolves a number of strokes 
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follow other. Ihe diffei^iit intervals Iwing peettliitr to the dif- 
fi-nint Ssigiiul blntiohS, so thut the cnptuin of ii ship hy counting tiw 
fatrokcif of tlic bcil C4in delemnue what light^ip hi producing the 
swind. 

In order to r&ceive the souDd it has been found iibwlutely necessary 
to suspend tba niiemphone in ti hmk of water^ for this is the nnl^^ 
method of cutting out the water nnitfes and the noises due U* nm- 
chincrj% etc*, on. board the sliip which otherwise drow n otit the snund 
of rhi* bell 

One of these smnU wsiter tanks, eontaiiiing ii mirrophtme of a 
eiikl type, is attached tu each side of the how inside uf the ship. 
From each tank wires are run to el devicA wdiich is called the Indi¬ 
cator ImXf so arranged that by throwing Ihc handle to one side the 
^jijljoard microphone! is conncHTtoil to the telephone, and by throw'- 
ing the Imridle to the other siclc the iKirt mitrophone is connecteiL 

It will tic ohvixitis that once the bell is picked up ilia raphiiu has 
nidy to turn his vesaiail until the aoimd is heard with e^iual intcusity 
on each aide, to kii<»w that \i\^ ship is then pointing in the directkim 
from which the is coming, and in this way he can tiike com¬ 

pass Ijcaringj of the lightship on which the l>elt is siiustei]. 

The importaticd of tliis method will lie at once perceived. Xo 
msLttcr hoAv stormy or how' foggy the weather may he. it enables the 
ra[>lain of a sdiipj on making lundj to obtain at once the compaiK 
l)e]irings of the nearest lightship or lighthouse fitted with a bell 

How many vei^ds titid many lives this device has saived even 
in the few years during which it has been in iLw it would U- ini- 
jkossible to tell Less setisatLOiiiil than the wdrclcss telegraphy it inuy 
le questioncfi whether Ua actual practical utility to the merchant 
marine has not been greater, 

t^ompressed air, or an electromagnetic mechiinisnit may awiiig tlio 
hautiiier, or the bell may be opcTiit^^^d by the waves tiiernschm A 
tv |Jrt? much iimd h a bell buoy which may l>e anchored off a shoal, 
iiLifl will give submarine wnriiing flay and night without furtiier 
attention. A hirge vane extends from one side of the mcclianism. As 
the liiioy swings up and down in the water, the vtme by means of a 
raidiet compress a spring w hich automatically and operates 

the liell hammer. 

ti will be evident that even if no further development had 
made tins eystem would be and is a complete and practical one. Its 
universal adoption would grCBtly rmnimiKC, if not entirely prevent, 
disasien^ due to errot^ of ship pfjsition. 

But, with the very succeK; of this system it heenme evident to those 
iti charge of its developLikcnt that still further ndvEijices; nught be 
conceived as possible, espeeklly in three directions. 
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1, .Suppo^ Hie soiuicl-prodiicuig iippHmtu^ i^uld be ^ constructed 
}\E to He operated from moving fAiipa by u telcgrEiph key» If tUb 
iverc fldiicved^ it would be £>ossiblc for one ship to slgnut to anotber 
ill fog, to eorumuiileato its position^ its direction and its speed, an[1 
eliiiiinate sill dangers of collision. It would also be possible to signal 
between submiirines or between battleships and sabmarines, and to 
crommunicaie betweeu battlestups in action without interference from 
tlie eiiuJijjv and though all n^asbf were sliot away* 

2, Suppose die range of tlie sound-prcKhicing ap[itiraius could be 
eslendcd bo as to cover n ntdius nf 25 or -50 tulles Then it would bo 
within our piwer m to encircle the coast of every nation with what 
has been felicitously termed wall of soimd^’^ tliat no vesseb under 
whsitsoi'vcr drcnmstiinees of loss of reck<»niug, of varSabk curreuLs^ 
of fogs, and storms, could approach tlie coast without being warneil 
fj| that fact and notified of its exact position on that coast and of 
the dii-ectioii of the neiin>st lightship. 

3, If tlic SiJiinti-prodiicjug upparotus: could \m coiibtrueicil so as 
to Ijc pctualed by telephonic cun"ents. it would be possible to trails^ 
niit speech through tlie water. 

It will bo of intei'cst to consider some of the difiicukii^ whieh 
had to lie overcome before tlie desired results could be obtained. 

The most serious of these obstacles w^us the fact that water k 
almost incompressible* 

Now, since sound is a comp rosy ioluil wave in the rnediuiii tlurniigh 
w hich it is tninsmiUed, it is evident that any apparatus which b 
to tranj^mit sound tJimugli watei^ must be capable of exerting very 
great force* In the bell this k uccomplislicd by the hoinuier blow 
of the dapperj and any electric or tdher apparatus which is to be 
used for sttbnmriiie signaling umst have a fon-e comparable widi 
tluit produced by the impact of a hummer on an auvIL 

A second and vory giuvo difficulty arises from Uie fact that if 
ibo water is to Iw compirssed, isonic matoriid object uiu^^t Imi st^t in 
motion Co compress it. mid tbul object, which must biive sufficient 
mechanical strength to stand the stress, and nitist tlicrefrut! be of 
considerable size, must start from resEt, reach its highest velocity, 
and come to test In one one thousandth part of a second, if a uiusica! 
note having ji pitch of 500 per second Is to bo pitxlnced. The forces 
of aceeleratkm thtig necesaitnted are very large. 

A third diffiiriilty nri^s from Uie fak that iti onler to tclcgmpb 
at a speed of 20 words per minute the time alluwfible for a single 
dat is very snmU. As the average Avord consists of 5 letters, and 
the average letter has a length eriuivalent to 7 dots, an apparatii^ 
capable of tel-egiaphing at the rate of 20 words [ 5 er iiiiniite uiiist 
lie capable of making 700 dots per minute, or a single dot in same- 
tbing less lb an one-tenth of a second. 
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thence through the ccntnil sttitionfiry amtaturo D, thence ncros® the 
other Hir gnp to the lower pols face of the rltije magnet, find thence 
thnnigh the yoke of the ring magnet liack to tlie upper pole face. 

Tins field is very much Atrongci' than tliat In the qnlinai'y dynamo, 
there being more than ID,000 liaeB for each ^itnre centimeter of 
crosS'Section. 

Aruuiic] tJie iirtnatiire is wound n fised wimling, winch we will 
call the arunitine winding and which is reversed in direction so timt 
one-half of the winding is clock wise and the other enuntcrclockwis*. 

When an alternuting rnrient is passed thrungh this artiutture 
winding it Indnoos another nlterriiiting current in the eopirer tube. 





Only by this construction hue it Ifccn found possible to obtain 
the enomious force and rapidity necesiai-y to compreiia the water 
and to oveiTconie tlie inertia of the moving parts of the nicchankyn. 
In order to apply this force to the work of compression, the cop¬ 
per tube is Httached to solid disks of ateel, which in turn arc attached 
to a steel diupliragm 1 inch thick, which may he made pm-t of the 
side of the ship. In pnietice the tube is provided with lugs, and is 
held between two disks dro^^Ti togetiier on the tube by a. l-indi 
vanadium^stcel rod and iv right*and-lert-iinnded screw tliread. 

Telegraphing is nccomplished hy nienns of an ordinary telegraph 
key placed in the main armattire circuit. 

Altlioiigh on ordinary telegraph key is used, tliere is no sparking 
nt the contacts. Xliis may surprise electrical engineers familiar 
with the iiluggiah action and vicious arcing commonly found asso¬ 
ciated with the operation of electroniiignctic ap[)aratus of this siae 
and power, more especially in view of the fact that a very high 
18015'—esi mill-14 
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frequency' is used, 500 per second, ntnl thnt tlierc is no Inniinateti iron 
n$otl in the oonstnictiim of the uppiirniUB. 

The of tlii» Uea in the fiict that ilie nmuittire li»s siih^tan- 

tially tin sclf-mductioD. and no eddy curreiitd are goiierutfMl in the 
uppurutiis. This is Ihkouso the copper tube furnis, us will lie seen, 
the short-circuiting secondnry of u transformer, of vvlucl) the umni- 
tore winding is the pritnaTy. 

This elinitnates the self-ltiduction of ^le armature winding. In 
addition the ujifMtr and lower portions of tiie winding arc w<uind 
in opposite directions, anil tlkeKfr>ro there is no ntutual Induct ton 
lietween the field coil circuit end Uie urmHiure cireiiiL With this 
construct ion the n mount of magnetic leakage in the urinuture cir* 
citit is very small, only a trifle more than If the nnnatnro core were 
of wood, and ns thorc is no alternating magnetic in tho iron, 
there are no eddy currents. 

As regards the cnpiu’ity in kilowatts of this appumttts, it is largo. 
The armature, being wound in grooves in the armature cure, so as 
to wHIistand tins tnechanicul forcca acting upon it. is well cooled. 

The <-fipper tube has no insuhiLinn to be affected, and on account 
of its large cooling surface and high (H^imissible U-mpcrntuie of 
operation can carry very high currents wstliout injury. 

A^Tien the oscilhitor is pi need on a vessel or hung overboonl fi-om 
a lightship, a large water-tight dtaphrngm is iittochcd to the atcil- 
Intor. TLia particular type of oorlllator was first testetl by snspend- 
iiig it in 1-2 feet of water at the Rofiton Lightship anil llie signals 
were beard plainly w ith n microphone lowered overboard from n 
tog at Peaked Hill liar Buoy, 31 miles away. Since that time Uists 
liuvo been made with oscillators installed in the fore-peak tank of 
the /Jfi'cnuMJ*, 11 collier of the AEetropoUtan Coal Co,, and also with 
an oscillator mounted on a diapiiragm made part of the hull of the 
li'sscl. The signals have l>een iieard upward of 20 miles from the 
/>€»V7rujf running at her regtilar speed of 8 knots. Full power has 
not been employed on any of the testa, and it is more than pioh- 
nhJo that much longer distances win be obtained in tho futtiro. 

Ill iiildition to the tests already described the oseiJiator has been 
temporarily installed on submarine Ijoiils and provwl itself of im- 
moiuio value, and demonslratetl that a fiotilln of snhinarines eipiippevl 
w itii oscillators will be able to make ti comliined attack on an enemy, 
only one needing to sliow its periscope in order to dimet the others, 
or all of tliem can bo directed by the mother ship. It thcrofom makes 
pcMfidblc a whole field of siibmiirine maneuvers heretofore out of the 
question, and perhaps, most imiiortant, it removes the principal 
danger the4» honts have had to face, the risk of lieing run into. 

So much for the iipparutiis wlien in use as a sound gimerntor. The 
signals produced by tho oscillator can, of couiue, be received by 
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wnter-immerW Jiiicrophones of the usual tyiie, but one wouKl per- 
hiips not nntkipiitc the possibility of tising tlic oEcilhUor as n re¬ 
ceiver in view of the fact tliat the diftphi-agni is of solid steel anti 
weighs, with the cojjper tube and its attiichmeiits, consitlembly over 
100 pountls; but the oscilialor, like the ordinary electritr motor, is also 
eupflhle of acting ns a geaerator, snd on account of its high cffidcncy 
as a motor is ii very efficient one. 

^ he Same oscillator is therefore used for sending and for receiving, 
a snvitch being tlirown in one direction when it is desired to tele, 
t^nph under i^ater and thrown the other way when it is desired to 
listen in. 

In addition to telegraphing and receiving meseagea, the oscillator 
nin a1s(> lie used for telcphonirig under water, Sentenwa have liwn 
tiuusinittofl at 800 yards lual conversation at more than hJf) yanlis, 
uiid this Was accoruplislied with t|)e use of an ordinary telej>houo 
tl-aiisrnittcr and six dry cell*. 

It seems evident, therefore, that with more power mueJ) greater 
distances can be reache<T. T^ng distanees are not, however, nect's- 
sary, even with a distance of 1 miU-, it will be readily understood 
that this method of tmdei'watcr telophoning will he of gieal use ns a 
means of coraniunicating liotwci'n siibmarinea while submerged anil 
fH’twecn ships in fog. as the captains of the vessels can talk directly 
to eiich other instead of trausmittuig and receiving through a tde- 
griipli cijifiaton 


Sonic fgher usee to which the oscillator may be put mav lie men- 
briefly. 

One which will at onc?e suggeiit itself is the steering of torpeiioes 
hy sound under water, T)ui idea of so rijn'ratiiig lori>i-dnos „ot a 
new one, and has occurred to a imuilicr of inventors, but until the 
present time no method of accomplishing it has been dc vdojicd With 
this new source of sound, liowever, the mclinvl should lie ppacticai-k. 

Another use is as a means for obtaining soundings. If we take a 
commutator whwl, with one live segment and two brushes, one coli- 
nwdeil to the ill temn ting-current generator and the other to the tele- 
plione receiver, it will bo evident that when the commutator segment 
makes contact with the bnisb ctonqei ted to the generator *i somid 
T^ill be prothaxjd by the oeeiJIator, IVhen the live enntact passesj 
away from the brusb tlnj sound will cease. This sound wave will 
travel outward, and on reaching the bottom will be reflected ami 
triivel back again to the ship. Meantime tio sound will lie heard in 

connected to tile telephone 
^ ver shifted m the direction of rotation of the commutator 
until It niakra contact with the live segment of the commutator at 
pr^u^ly the instant at which the reflected sound wavo has rome hack 
iind impinged on the oiscilJator diaphragni then n sound will be 
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heftrvL Since mimd travels in water at ii velocity of approsiinntely 
4j400 feet per second, if the distance be 100 fcet^ the time tiiken by 
the wnind in traveling from ship to bottuiu and from bottom to ship 
will be ttpproxitiiQtely one-hveidietli of a second. 

In April, 1014, some tcssfes were made on the H* S. revenue cotter 
to i^ee whether aoiindingsi could be taken in the manner al>t)VQ 
indJc-iited. As tJ^e cotnmutator bad not been ccsmploted, a temporary 
apparatus with a stop ivptth was used. The echo from the bf4tom wa5 
plainly heard not only on the oselll.itor but in the wardrooni ami in 
the hold of the abip witlunjt any in^rnments whatever. Tho ela]js?ei| 
time corresponded to the depth shown on the chart, and the propnsiefl 
method WHS pmved to li»e feasibie, 

llie chief object of the tests on the J/mm« whb, however, to ikt er¬ 
mine whcUier a reltection from icebergs cmild (>0 obUuned, and this 
wjis pi-nvcd Iwyond question. The uppuratne Kmd w aa the saine as 
for taking Hniijidirigs. 

A signal wm ^nt on the fMeilhitor, tlte echo from the bottom iieard} 
and then the echo from the icelierg came in. To mrike sure tliat tlie 
second echo was not al??o from the hottoni^ the distaiiee fpfjm 
Mhmi to the iceberg wn$ varied horn alRUit IfXI yjirds to 2i miles* 
The elapsed time between the signal and the echo from bottom re- 
mat nod the same, hut the clai^sed time of echo from the varied 

with the disttince and corresponded very closely to the position of the 
iceberg determined by the range finder- Sloreover. ii was found that 
it made no iliffetcnce whether the face of the ieel^crg was normal to 
the path of the s^iind or not, thus showing that the echo was duo not 
to jqiecuhir reflection hut to diffraction fringi&s, 

Whtii the had gone 2J miles froni the icelicrg a heavy storm 

tiiiida it niu'css&ry to po^pone further tests, mul coritiniiOfl rough 
weather oincle further tests impossilde, us the oscillator w^as not 
mlinently installctl but bad to Ijc lowered overtioard. The echoes iit 
2i miles were, howevecj Joud, and tliere can he no doiiht that they 
would biive been heard flt greater di^ances. (Sec appended report 
of ("apt. Quinaii.) 

To sum up I The oscillator rcpix^mfs an important step forward 
in the scienco of navigiition. It makes it possible to surround Ihc 
coasts ^vitli n w'all of Esoimd so that no ship tan get into dangerous 
waters without warning, to make collisions bet^veen ^ips pof^ihk 
only through negligence. Although no sufficient teshs have been made 
to warrant the statement thjit icebergs can be detcii:ed under all 
cimunstaiices or that soundings can be taken at full speed, what 
evidence there is points that way. For naval pufqKiscs it provides 
an auxiliary" menns of sbort-dipfanee signaling that is available at 
11 !I tinier and tlint can not he shot away, iincl it widens the possibili¬ 
ties of submarme boat$ to an extent we can not yet fully grasp. 
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REPORT OP CAPT, J. IL QlfDfAKj Op THE U. S. BBPEJi'tfl! CIITTEfi ** MIAMI," 
OSf TIIR ECHO FRIEOE MEFUOO OF DETEtTTIKO K'EBEROij AND TAKENU 
OONTEMJOCS SOtnJDISOS,’ 

W 0 stopped neor the IsTgest berg and by PODge finder iiDd scAtniit 
computed It to be 450 feet long and 130 feet high. Although we Imd 
gotten uithin 150 yards of the perpeudiculap face of this berg tind 
obtained no echo from the ateatn whistle, Prof. Fessenden and Mr. 
Blflhe, representatives of the Submarine Signal Co., obtained satis- 
factory results with the aubmarine electric oscillator placed 10 feet 
below surface, getting distinct echoes from the herg at Turious dis- 
^ces, from one-half mile to miles. These echcH^ were not only 
heard through the receivers of the oscillator in the wireless room 
[it were plainly heard by the olhcers in the wardroom and eiigiue 
room ^oreroom below the water line. Sound Is said to travel at 
tho rate of 4,400 feet per second under water. The distance of the 
ship, as shown by the echoes with atop watch, corresponded with the 
distance of tlie ship as determined by range finder. On account of 
tlie great velocity of sound through water, it was our intention to try 
the oscillator at a greaUr distance for even better results, but a thii-k 
snowstorm drove us into ahsdter on tho Banks again. 

• • * • • ‘ * • 

^ “ On the morning of April 27 anchored in .31 fathoms of water with 
1 5 fathoms of chain in older to make current observations, * • • 
Prof, t essenden tout advantage of the smooth sea to further 
experiment with his oscillator in determining by echo the depth of 
uater, the result giving Sfl fathoms, which seemed to me very close."' 
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THE EARTHQUAKE TX THE MARSICA, CENTRAL ITALY.' 


By MAlVCINI* 

SfCTttitr^ of thr Royal Academy of Ihe Lincei, 


[WJiii 1 

On die 13th of January, 1915, at 55 minutes pait 7 in the morning, 
a terrible ea]*tli 4 ijakf! devaetuted the Alarsica, a rich and flourishing 

region of Italy, in 
the soil them part 
of the Aquilian 
Abrusssi and the 
neighboring to- 
calities, die Val¬ 
leys of die Saltot 
of the and 

of tlio Liri. The 
disaster had terri¬ 
ble conseqnetires; 
it caused the do- 
stniction of a num¬ 
ber of stnall cities, 
market towns, and 
villages, and the 
death of a great 
number of people. 
The ojctcnt of the 
eatac‘i>'sra and un¬ 
favorable Weather 

. . conditions with 

uem 7 ram and snow, rendered aid laborious and difficulL 
For some weeks the scientific obsen'atious made concerning the de¬ 
tail of the terrible phenomenon have been collected, coordinated, 
and discussed. As a result of the preliminary observations of several 
scaenUs^ of tlie Meteorological and Geodynomical Bureau of Rome, 

o which Prof, Palaoxo is Uie director, the following notice was ore- 
pared: ^ 

' TiWllljil^ bt (Kmlnluq r»ln tie ttatnle Uei SctrMfc. Uw. 15. IBlCw 
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If flti attempt is oiaile to ttitoo the isoseismiE cun'cs of the principal 
sliock, it will be seen that the area moat aifected (fig. 1) contains 
alluvial strata of tlie dried-up Ldihc of Fucino^ and enibrnc<s a zone 
to a high degree sedimentary and of Karstic origin. Tins precludes 
any volcanic cause for the earthquake; it is likely, on the contrary, 
tltut it was due to a sndden moditicatioD of the deep Gratifications of 
the earth’s criuit, Tlie region of Maimca which was the epicenter of 



PM.a—B|dTaiilUi«l d iha Itcllwt tatfhqUiiba uloit a ntM IJ», viMTilUV U» PnC Omul 

the i^rthquake, ulthoiigii having n seismic character, had not until 
tliat time been the scene of any great entostrojihes. 

The pres^it phenomenon, adds iJr, MivrtinolU, was in a way pre¬ 
dicted by science. In fact, Prof. Omori, in a study of tile great Ital¬ 
ian earthquakes from 1038 to 11W)8, in Picily, Calabria, and in centml 
Italy, came to the conclusioti by an examination of the Grieken area 
tliat earthrjtiakes follow a determintfd Hne and tliat an area in wliich 
nn carthqitakc takes place never enineides with that of & previous 
quake. In a chart of southern Italy ffig, 2) traced by Uie leametl 
Japanese seismologist it will be noticed that the destructive area of 
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the «arthqiink« of .Tanxmry 13 is oa tliis line and docs not oolncide 
witli nny other seismic locality. However, Dr. Martinclti, whu has 
ffonc over with g«at care the seismic history of tlie regions traversed 
by the nsial line of Prof. Omori. thinks that it is merely « curious 
coincidence: in fact, in tracing this line Pmf. Onion lias not con¬ 
sidered otiier important earthquakes;, which would have ultci-ed the 
direction of it. 

The aeismogram recorded by Agamennone^s seismograph with 
horizontal pendulums is remarkable for its ainplitiide. The regis- 
tcrihg apparatus of the Pm^au at Home., escept for the presence of 
lateral stojj screws, would have been ]Jt)t out of action by the shock, ns 
hdpiieiied to the seismograph of Liie Observatory of fi’occa di Parm. 
The great seisuiograpli of Stmssburg was dLsmoiinted hy the vim 
Icnce of the shock, uuil the possage of the seismic waves was recorded 
hy all the sensitive seismogniphic instniments in the world, even to 
dapnn, Australia, and Canada. The seismugram shown here (fig, 
3) is that trnt^ hy n hi filar pendulum at the Seismotogic Obstrvw- 
tory of Cartuja, in firanada; ut P and S are sliown the beginnings 
of the itrrliminaiy quakes. ^ 

, commenced at exactly 7h, 32iii. il.'lg, in the direction 

E, 6® X., the dli-ection from R<uim to tlic region sffected hy tlie dis¬ 
aster. During that day and in the dn>*s following several smatl 
re])etitious of the phenomenon were noticed. Concerniiig these repe¬ 
titions, Pmf. Agaiiiennone observed on the InstnitnGnts of the 
(lOtMlynamic OWrvntory of Rocca di Papa, up to the fith of Feb¬ 
ruary. 730 alioeks, occurring sometimes at intervals of less than a 
miunte apart, revealing the state of continual convulsions of the 
earth in the epieentral ai'ea. 

Tlie position of the epicenter of the earthquake has not vet l»en 
exactly estalilishefl. Tills imcertainty and the enormity nf tlxe devas¬ 
tation wrought in the Valley of the Liri have led Aga men none to 
lieltet^ m the osistenco not of a alngle center but of'two K>pamte 
seismic centers which came into action cither at the same instant or 
one immediately following the other, as occiire in earthquakes spoken 
•if as la reloyn.’- It might even be that the epicenter had a lincur 
form of considerable length and for reasons of u geologic nature the 
de^station was manifested in two widely separntef] Imalities. 

From dm pi^Hmirmiy researches carried on by Prof. (Mdone <m the 
Sites of the di^ster, relating hi the details of the seismic waves, to 
tlieir transmission, speed, heiglit etc., it would seem that it can alreud v 
be dejhu^ that the complete period of the waves wos 0.7 second, tli'e 
icngtli 0/ the waves from summit to summit about 30 meters, with a 
height of SO centimeters. The mean speed of transmission, according 
to Agamennone. appeared to be aliout 7.f!f» meters per second. The 
liulging movement of the ground caused the destruction of the walls 
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of buildings, a ruin which Ikcoidg: even more fsrrions beoaiise of ^itJier 
eddj'iiig luotioas due to the comhinEitinn of longitudinal nnd tmnS' 
%’eraal vibrations coming from the depths of the hypocenter to the 
epicenter »t the surface of tlic ground. 

The number of victims of the ejirtli(|nake is estimated nt more tiian 
‘i5.tX)(l. 'Hie gmiter pnrt of the L-itics, market tow-ns, and ^'illuges 
ill the region uffected w*ere entirety ilestroyed. being reduced to vast 
heap*; of ruin.s, among whidi rescuers went in, bravijig the great 
dangers ami with a fine disregard of self, to the aid of ihnso caught 
in the mins. One of the cities wljcre the shocks were most i]ts$Lrii<;- 




c««p 
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t srf Him ■fehrLMt^uuki of Jail 15 * mii, nmnltiti ai Uiw Betsmolof teit Otwi^ifaj 
t'i t:aj1u|a, lu ruAilit. 


tivo w’Hj? Avisxxjino* as ^diovru bj* I be iWQ ficcmiapaJiymg pboto^raplis 
reprmjmfd on jjJiite 1; fram a |n)piihitlon of i3,tKMI inhabitants only 
were saved. Several i>ets<m 3 still living wei'c found after a 
long iin[jrisotitnent nudei-gicuma, and tunoiig thcae the mogt ci- 
iraordinnry case is tlmt of a peasant who, having taken refuge under 
an arch of bis rained stable, lived for 24 days, having for nourish¬ 
ment only H little water which ImikcU through tlie ruins, and he came 
forth fruni his prison in quite good eonditioii. 

This frightful dUaster, which wiped nut one of the imxgt Wautiful 
and tlinving pughme of Italy, has excited everywhera the warmest 
expressions of empathy for a country so grievously stricken. Be¬ 
fore the immensity of this niiafortunc the Government and citir^im of 
Italy bnve united in a great charitable effort to aid tJie victims of 

this new calamity and to assure tlie life and future of the devastatal 
region. 
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ATr^\NTTR.* 


By PtliSUEE Tebuerb^ 

Mrmhrr f>/ thr Atadem^ nf Scicueett iUrrctor 0/ fierHpi^ Qf thp Vhnrf 

0f 


Tlwri? is (I Ewmbei* poem, thiit of Atlaatis, an it is TinfolilecJ to our 
eyes, ttinrrelously coiielse mid sLinpk, in two of Piuto^s ilinlogucs. 
We iintleHitond, oftor horinji reiid it, why idt of untieiuity iind the 
.MifJiJio fi-om ^kitiriitrs to Cultimlnts, fur nltieteen 1 innLln*d yenrs, 
. giive the niiitn! ‘'Sea of Darkness” to Ute ocean legiori whidi was 
till? scenp of so frigiitfiit a CHtadysni. They knew it, lljut sea, fii!l 
of erimi's mu] ineniux*s, wilder nnd more inlioirjjitable than any othei-t 
and tljey (iiiesttoned fearfully what there was Iwyoiul its mists, mid 
wTint mins, still splendid after a Ituiitlml rentnrles of imincrslnn. 
u'ci'fl hill del) lioneatli Its peaceful waves. To bi'nve ii voyage aerot^ 
the Sea of Darkness and to puss the gulf wiiure slee^ AtlatitLs, 
Columbus required a superbuinan ronniee, an almost irmtlnnal con- 
fidentro 1*1 the idea that he had a]»pfi'hended the true shaiw of the 
enrtli, an almost superniitiiral desire to bear the Christ—after liie 
riiamier of his pntron, St Christopher, tlie sublime river feiryman— 
to the unknown (leoples who so long were awaiting Him, s^teil in 
the sbaclivw of death,” 


ini the mvBtle lUinn's of Hie wwtwii wntid 


After the voyages of Oolitmlms terror disappenrs, curiosttv re-' 
mains. fJcograplivrs and historians arc occupied with the question 
of Atlantis j leaning over the abyss tliey seek to determine the osact 
location of the engidfei] island, but, finding nowhene any definite 
indication, many of them slip into skeptJeUm. They doubt Plata 
thinking that this great genius miglit indeed Imvc imagined, from 
Ijcginnitig to end, the fahlo of Atlantisi, or thut he mistook for an 
island of gigantic dimensions a portion of Manriianiu or of .Sene- 
gnmbia. Dthers tronapose Atlrnitls into'northern Europo. while 
others at length do not hesitate to Identify it with all Anufrica. I'lie 
piM-ts a I fine remain faithful to the licautlful legend; tiie poets who. 


iijf 


* fSirrjl Ut^furr tlw Tlul||t|1 Ot^iiwmi|ilklfEijj% ctf PArim 
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itccording to tlio lofty phrnso of LA>ii Uloy, ‘‘ne sout sfirs quo do c© 
till ils dovioont ■ furc sure of oniy wbot tlipy dreoin^ j tlic poeto> who 
would never be snti»6cd with an Atlantic Orenn which hart no rtramn 
in its past, and who would not be resided to tlio belief that the 
ditine Tlato might have deceived theiii, or that he iniglit himself 
have been entirely mb^ken.^ 

It may be, indeed, that tlie poets were once more right. After a 
long period of disdtiinfiil inditference, observe Low in the last few 
years saeiice is returning to the study of Atlantis. How many 
naturalists, geologists, xoologists, or botanists, are asking one another 
to-day whether Plato has not tramanitted to ns, with sliglit amplifica¬ 
tion, a page from the aetiial history of mankind. 5fo ullirtiiatton is 
yet permissible; but it seems more and more evident that a va, 4 t 
region, continental or made up of great islands, ha-«t collajised west 
of the Pillars of Hercules, otherwise culled tlic f>trait of f Jibitiitar. 
and that its collapse occurred in llie not far distant past In any 
event, tlio question of Atlantis is placed anew before men of science; 
and siiico I do nut lielieve that it can ever be solved without tlio aid 
of oceanography, 1 have thought it natural to discuss it here, in ibis 
temple of niaritime science, and to cull to such a problem, lung 
scorned but now being revivcii, the attention of oceanograjrtiers, ns 
well as the attention of those who, though immersed in tlie tumult 
of cities, lend an ear to the distant murmur of the sea, 

IvCl na first, i f you please, again itad Pluto's narrative. It is in the 
dialogue called ** Timnais,” or ** C'onceming Xatnre.” Thera are four 
speakers: Titna>us. Socrates, Hermnerates;, and Critias. Critias has 
the floor; he iseiieakiiig of Solon, and of a journey that tliis wise law¬ 
giver made to SaTs, in the delta of Egypt. An old Egyptian prie^ 
profoundly niiiases Solon by revealing to him the Listoiy of th© begin¬ 
ning of Athens, all but forgotten by the Athenians. 


I win malce no awret of It wim y.m, Solijji (says the prlwtl, I to 

Mitittfir your carioitlty, out of noipoct for you unil fur y,inr couiilry, oiul^ utiove 
nil. In order to lioijor the taHlrle^. frarcMumiin [mtrnness. who reared and winli^ 
llfthcd your rlty, Alliena. offr^irinE of ifi*. Knrth atul Vnlran, ami ti ilmn-mnd yrar., 
Inter our oivu dty, SaDc iSItioe the foutiilaLloii of the Inner oiir nuTwl ta.i|» 
loll of H iBiw of 8,000 yflara. J ulll tlken eiitertnlij you brloJIy ivUli i|j.- luwa 
niuj the fluwt ev|iTulis of iiie Atlienlana dorlnc the ft.OOi) years ivtiich linte 
elartmal rttni.v Atlkaia luoain i« live, A a long a» nuiny prent ili'en h? of j-mjr riti. 
KfoiH there Is one which must be pinn-d almve all elac. rhe m-onis Inrorm us 
of I be rlratnu-tliin hy AI bens of a tditmllnrly poiverful artny, an nrroy which 
ninie friiui the Atlnntle tieran und which had the erfrontery to Invade Kiirope 
and Aaln; for this oca wai then navlKuble, nmt beyond tin* strait whlcli you 
cull I he I'llJurs ,tf ll,.4nilca thH>n* waa an lidaml larger than I.thyu and ev.-n 
Aaia. Fruiij thiH bdaiid cue rauld easily i.> other Istiiiuts;, und from 


rlrt. Ridlllo il,. VlUi-m lle^ 

Aiwi ia »l« (The Souii of the Sea}, Parlii. mil, pub, Eo*. 
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Irt flM> i-4»tillnciir wlilch suitoiiiiiLh tlw Intcrlnr n«i. Wliut tht>n* ii<i <rn 

iMh iilcUf tin* flfntll <l^ ulilcli wu Mfi! n vnst tilt 

tMitmuiv (pf whldi li« iTttrrow, httt It in jiclBiilti' n Jieii, tiiitl t!if Utnd which 

sitrcoiindii It in a real DtotlnoDt. In the liiluml Ailatitls n-'lsciu;*! kliiiaj »pf uttiiiX' 
ifip jhiiviT. Thti' hu«l unrtfiT iLi'Jr ilnmlntuii 11 if? Entire IrUuhI. mi w'rtl ajj w>v-t>rul 
tPtJier iKluitchi anil miiue narts of tht* eontliM-tit. Besides, on tliu hliher side of 
the slrult. t!ii»y were still rel^'nlnj; ovti* hlbj ii ns fnr ns HKSiit iiiul ns-rr Knniiiie 
ns fur ns the TyrrIicnIuD, All this jHjwi'r wus <iih» upon u time iinlted In order hy 
n shijtle hlinv t.i stillJupite our eouiitry, ycnir own, ntiil nil lJn^ insijilt-f living on 
till* Jilt In T side of the atnilL It wm then thnt tlie streiijtih «tiii courutai of 
pVthens bitucij forth. By the valor of Iwr HuhlhTs nnd Umr miiK-rloriiy to the 
iiiilitiirT art. Athena wna supn'tne aiuoiu; the Hellenes; Imt, the tut ter having 
hern fnrctsl to iihimdun her, ah me tdie hruved the frlshtful llaIl^'vr. siuiipiil the 
Invnaloii, plleil vletoty litKin vlctorp. prt^'rvtH] from slavery tiarlnivs still fnv, 
nud ris;ion>il to eoRihleie lihlern-mlemit all those who, like ourHclvca, live on 
this aide of the ihtiura of Ilercidt^ Ijiter. with *jrisit i-unhiituiltea and luandn- 
tlons In II. single diiy luiil one fiiliil nlGlit, ail who luipJ taxpii wurrlorH nghlust yp.ni 
were KwaiiowiiM] The laliind of Atlnmla illaniiipeiirod lametftli the neii. :$juco 
lliut time He* ms Ju these i|iiarters hus hivnrae luinavigiilile; viiiselrt mn not 
im.sss theiie tieimuMp of Uie snhdM which iixteml over the site of the hurleil IhIi>,i 

ricre surely is it iiiirrathe wliu-h bus in>t nt nil the rolniiRjf of a 
fhblt*. It Is of un exiii-tncaiR almost sseientilic. It nmy bo thruight tliat 
the iliuiciisions of the Lslnnd of Atlntitis iifc slightly exiiggenitcil 
here, but we must remember thnt the Egj'ptinii priest’did nt»t kiioiv 
the immeusity of Asih, mid that the words ‘‘larger Lhim Asia” have 
not in Ills motith the sjgnlJimmre that they have to-day, IvrerytKing 
else in fH'rfmly i-lenr mid entirely probable- A Inrge island, off the 
Strait of (libniUar, mother of a mmiercitu*, strong, and warlike rni-e j 
other Eiiialler yamhf, in a broad rliannel sopnralijig the large island 
from I he Africtm coast; oJie niiiy pass easily fitmi the large Lsland to 
tlie little oneii, and from the latter over to the crjiitinent, iiml it is 
easy then to gain the shorea of the Mcditeriimeiin mid to ttuhtlne the 
peoples who have hccouio established there, thiise of tlie aoiith first, 
as far as the frontier of h’gypt am] of Lifiya, then thfise of the 
north, as far aa the Tyrrhenian, and even to f Jreece. This invasion 
by the Atlantic pirates Athens resists with siiwiess. Perhaps, hoiv- 
cycr, t-he might have been viinfjtiished, when h eatadysni emne’to her 
aid, in a few hours ciigtilling tlie Island Atlantis, nnd m^iindiui'', 
with violent shw'ks and frightful tithil wave, over all the Mcditer- 
tlinemi ^oras. The conflicting nrraies diaappeaiv taken unawares 
by the inundation of the shores; and when the survivors recover 
thence!Ics tliey perroive thnt their ItivaderBare dead, and they learn 
then that the very Hiurtje is wiiietl out ivhenee descended tli^ ter- 
rible hordes, ^^^len long, long after some Inirdv nniriners venture to 
passtliroiigh the Pillars of Hercules and sail aeroasthc western seas. 


• Wi^rha <if rimip, iimluImM (infca 

pUt^ Hej And Uim^ler,, 


h¥ V. Cnujiiih, tdL 12 , pp, Fftrti, 
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they «re soon stoppotl by such ii prftfuaioQ of rocks u.nd debris frojii 
llie en^lfed kjjds ttuit fear seifflus tliem, and they Hce these aceui-sej 
regions over whicL sceins to hang the anathema of u god. 

Til Imother dinlo^io, which is entitfed “Critinv 0 “ *’C.Hireniing 
Atliintis” and which, like the forogfiing, ia from tho “ Tiiiwiiij,” 
Plato induliiss in a description of the fainoua island. It is a^atn 
Cntms who is speaking. Timaiis, Socrates, am] nertnocrates"nn! 
listening to him. Critias says; 

^(.vordlna to tin* MRriitinn tmtlitlnn a i^animnn war iirow D.ftlO years n'*o 
Wfwrt^H Mu. natlieis mi Uils shj,- oT llm llllsn, af Hen,-HlHj aim tLi- mitloaa 

7m ?.l TV- T'"'- ■' the Kln«s af 

■Jill , n “ 7 If'im .\sl» ami 
.yrirn, hut Itiai It becimsH subini-ntwl tullowlng an eartluiuiiKe and limt lis 

pfH... is n.p haiKcr ua<t wJtJi ex«iH im a sand bar which ataits imvlauu.t^ aim 

rc'JwJtTc? thf iiiipuH^i|[|]^f. 

And C'ritiaii rtcrrinijs for n.s the Eg>'ptiim tradition of tin- fnbu- 
tons origin of Atlantis, fallen to tJie share of N\.ptimo and in which 
tins god has [dacpfl the It) children tJiat he luid liy a tiioi Ltl. Then 
he descriljcs the cnidlfl of the Atlantic race; a plain hxmted near the 
and ..lining m the central pa it of the isJand, and the most 
Tertilv of plains: iibtmt it a circle of mnimtaiiui stretching to the 
aji, a circle open at tho center nnd protecting the phiin from the 
icy lilflsts of the north; in these siii^rh mountains, mmiei im^ 
iiUiigies, rich and poputoiis; in the plain, a miignifltit-nt eitv. Ihu 
palaces; and temples of which are ennstrncteil from stones ijf* three 
roloi^ivhite, hkek, and red—from the eery Imsftm of tlie 
island: here and there minis yielding all the metals*ii«.ful to mmi* 
hmilJy the shores of the ishind cut pcr[>enilicularlv and comman.t- 
mg from atxive the tnmnlluonfi sem' It'e may yndk. in ivading tho 
story of Neptimo and his fniitful amoitrs, hut die geographic .ie 
wrii>t]oii of the islami is not of the Eort which one jokes about and 
forgets. Tins dcscriplmii tallies well witli what wo would imamno 
to day of a great hmd submerged in the region of tlio .V/xjreslind 
enjoying the eternal springtime, which is the emlownient of tht^ 
mlaiids, II land formed from a basement of ancient rwlm bt-jiriuji 
with snitie fragments of whitish caicnremis teriancs, extinct 
came niounmins and lava flows, black or red, long since grown cold. 

Micfi is the Atlantis of Plato, and siicli, acisirdiiig to the great 
rihilnsf-phcr. 13 the iiistory of this island, a history fabnlous in its 
migin-H. like tho majority of histones, yet extremeJv exact and 
highly probiibte m its details and tregic termination. *11,is is W 
thermore, a l that antirjiiity teaches us. for the accounts of Tbei 
pomj>lis and Mai.oelltis. much vagtier than that of Pluto, are inter- 
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OHtiiig only from the impn»$gion that they leave iJs of tiic wiJa eir- 
I'liliition of llie lej^iul the jieoples aloit^ ilie Srciliternmeim 

tiliojvs. Oji the Vr'holo. dowii to very nearly our oivn eni, there was 
u geuui'ul belief, all uliout the Metlilerrancun, in Ltie atielenl inva^ 
ision by the Atlaiitiutus, come from o large iiilaiid or a continent— 
come iit uU events from l^yond the Pi 11 itrs of Herciileit, an invasion 
iibrufJtly checked by the itUftniitaneuiu- or at Icttst very sudden snb- 
merjft'tiee of tlio country from which tliesq invaders came. 

^''o 1 lV, let tie SCO what science teaches att to tlie possibility c^^ tlie 
probabilit}' <»f such a CDllapsinj^< so recent, so sudden, so extended 
siiperhcially, and so crdossid in de|tth. But we must as a pielitiiitiary 
recall the facts of gcttgrapliy as to the region of the Atlantic Deeun 
where the phenoinenmt must have occurred. 

hor a sitip sailing due west the distance across tlie Athintie f)ceon 
from tlie Strait of {.iilii'altar is about H.400 kilometers (I.IJIHJ iviiJcs). 
Siicli iL aliip nniild limch the American coast In the locality of Crtfie 
Ilatteriis. She would not in her voyugo meet any hitid. t>hu woiihl 
pass, w'ithoiiL seeing them, between ilmleini and tiie jVzores, and slio 
would leiivc the llermudns very far to the south, though these coral 
ishuiils, very smntl and low, might to the eyes of the crew have 
emerged from the murine horiKon. Her paRseugers would have no 
suspicion of the relief of the ocean dejitlis, so irregtilnr notwiths-tand- 
ing, and none of the mysteries of the ‘‘sea of darkness ” would have 
risen lie fore them. 

But had the ship lengthened lier route a little by making ii detour, 
first toward tlie southwest, ihirii loward the riortliwest, tlien agiilli 
toward the southwest, it wcmhl have lieen Mnuugli, successive I v, to 
liritig in view Madeini. the moix> ermthem Azores, and linallv the 
Bermudas. And if the travelers, whom we are supposing emtmrked 
on our vej&ini, bad posscsajcrl a perfccltil instrument for sounding, and 
had kmiwn how to use it. they might have a^-crtainctj. not without 
siirpHse, that the marine depths over wJiich they were passsing are 
strangely unet|iml. Very near ffibraltar tlif Iwttorn of the cx^inii is 
meters down; it rises again ahniptly to form a very narrow 
sta le, vvhich bears IBadeim; it drops again to &.II00 meters lictwtsen 
Madeii^ and the sotithern .^Vzores; rE>a.scoiids at leiiKt I.fHIO meters in 
the iH'ightiorhiMxl of these latter Islands^ remains foi' a long distance 
lietwcen l.(kJO nml 4,000 to the soutli and southw-est of the Ajiorcs, 
with very ahrupt projections, some of which approach verv- nearly to 
the surface of the sea; then plunges to more than 5,000 iiiutcrs, and 
fora short distance even to more thun 6jOOO; rises again suddenly in a 
hound which corresponds to the socle of the ncrmudas: remains 
buried under 4,000 meters of water to within a short dibiance of the 
iVmorican coast, and fijinlly rises again in a steep acclivity toward 
the shore. 
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lA*t lus itiiiigini! for it miimetit Unit we could entm*ly empty the 
Atlantic Owiin, drain it completely dry^ and, that done, lot is« con¬ 
template from aboro the relief of Sts b«l. IVe shall see two great 
depressions, two enoitnouB valleys extending north und soutli, par¬ 
allel with the two shores, separated one from the other by a median 
asoiic olevated above them. The western ^'allfiy, extending tlie length 
of the Anwriam coad. is tlie larger and deeper of the two; it sJjmws 
oval fpsics, or depre»dons, dearending to more than ((,000 oiuters 
Iwlow the level of the shores, and also occasional elevations, one cor- 
re-stKinditig to the Bermiidas. which, from the bottom of the gnifs, 
rise ImIdly'toward the surface. The eastern valley, along the Eiu-o- 
pvjiti coast, a]v|)ears to ns narrower and of less depth, but much iin>™ 
hilly; and mimeroits pyramids, some thin and slight like that of 
Madeira, othersmassive like those which fieiir the urchlpelago of 
the Canaries and Cape Verde, risw here mid there in the raiikt of 
the %'allcy or near its custein hortier. The much ekvatci] median 
zone, outliues Itefore ns a long promontory, whose axis coincides with 
til at of the Athintie iibys& It curves in iin S shape like the two 
valleys and the two shores, and. stalling from Green lurid and sur* 
rounding in its mass Iceland and Uie northern islands, goes tapering 
southward and ends in a |»int lit the seventieth parailgl of latltiiik 
«ititlu In most of its conrse. this promontory has a mean breadth 
of almut 1,500 kilometers (3^17.5 miles). Fur from being regular 
and with a nniformty splieHca] curve, ite surface is everywhere 
indented, bristling with projections, riddled with ludlows, especially 
in the region of the Azores, what we call the Azures being luerely 
the summiia of the highest protuberancesL 

In this complete view of the ocean drained and dry we would 
certainly observe many other thingB, whidi are otherwise invisible 
beneath the waters. We would see not only the longitudinal ar- 
rttiigenient which 1 have just described and which has been revealed 
to iia by soundings but bIsq the transverse irregularities which c»n 
not fait to exist and of which, at the present time, wo know 
nlniost nothing, be<-auso the soundings have nol yet been mmierous 
enough. The map of the archipelago of the Azores shows clearly 
that the nine great islotirls of which it is coinpored are ranged along 
three parallel bands, in a direction from cast-southcttst to west- 
nerthweat; and these bands are staked out by the islands over a 
total length of nearly 800 kilotnetei's (500 miles), No doubt such 
lines arc prolonged very far under the waves, and they would have 
great importance b making a model of the ocean bed, hut they nro 
evidently not tlie only ones. The day will come when the charts of 
the Atlantic depths will be exact and detailed; we shall then are 
fault lines and bands of folds crossing the vast abys and extending 
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from Enrnp^ to the United Stfite^ or from Morocco lo the West 
Tnflies;, or from SenepBtnllta to the South American t'ontineiit. 

Now, let {jeology sav its woid, In the eaiuo waj? tliat the jMiintcr b 
ev’o perceives ii whole o-orld of colors and rellcctioiia unsiispccted hj 
other men. so La the e,ve of the geologist impressed by the vagi to uiul 
very imccrtiiin gleams which illiunine, for him tiloue, tlie rlnrkncss 
of the gulfs iind the still deeper night of tho distant past And his 
ear, sensitive as that of the musician, vibrates to the miiniuirs, the 
cntckings, and the siglis which come from the earth's depths or from 
the deptlis ii history and which tho majority of men mistake for 
absolute silence. 

Oliservc one primary fact: Thu eastern region of the Atlantiu 
tJccjin, over all its length and probably fftnij one pole to the other, 
Ls a great volcanic zone. In the depression along the coast of 
Africa ajid of Europe and in. tlie Mstum port of tho highly elevated 
atrip which occupies the middle of the sea volcanoes ore abundunt. 
All the peaks which reach the surface of ths sea outcrop in the 
form 1.1 f volcanin islarifjs or bearing volcanoes. Gough Island, Tris¬ 
tan (la Cun ha, 8t. Helena. A5censi()n, the Capa Verde Islatuls, tlm 
Canart&M, the great Madeira and the neighhoring Sales, all the Azores, 
Iceland, Jan' Mayen Island are either integrally or in greater part 
formed of lava, T will tell in a moment how certain dredgini^i in 
1S58 found luvas, at deptlis of 3,000 iiietera, on a line from the 
Azores to Iceland, and nt about SOO miles or 000 kilometers to the 
north of the Azoies. One navigatnr in lftj& establUhed the exist¬ 
ence of & submarine volcano on the Equator at about west longi¬ 
tude, or on the line joining Ascension to the arclitpelngo of C»^ 
Verde; warm steam wiis rising from the waves and shallows bad 
formed unlike thtwe indicated on the charts. On the islands I have 
just naiiicd many volcanoes are still in activity, the ej« inert ones 
apiwar to Lave boon extinguished only yesterday, everywhere ciirth- 
quakes arts frequent, here and there islets may sjiring up abruptly 
from the sea or rockii long known may disappear. "T'he cotitinuity 
of these phenomena is coticcaled by the ocean covering them, hut to 
tho geologist it is unquestionable. 

The volcanic zonfi of the eastern Atlantic is comparable in length, 
in breadth, and in eruptive or seismic actinty, to that which forms 
tho western border of iMnerice, and coincides in the soutli with the 
cordillera of the Andes; it is one uf the characteristic traits of the 
jirosent phase of the earth, quite Like the fiery girdle of the Pacific 
fJeean. Jfow, there is no volcano without a convujaion, or, at the 
veiy least, not withmit a subadence of some imrtion of the terrestrial 
crust. The volcanoes of the fierj’ girdle of the Pacific stake out the 
border of a deep murine foss which compasses this ocean, and which. 
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undOTihtecIly, Ims n*t stopp«i growing flwper; tlie vojconncs of tbo 
Mr(lit<>iTanetin sppcnr nn tlic mnrgin of great, recently npentnl 

atifl into wliieh eiiormoits tiioiintaiii« bare fullen. it tiuLsl l«, there’ 
fore, tbnt there is nisn in tiic bottom of the Atluntic Ocesn, still 
present, a certain mobility, imd that the meriian wrinkle of this iHit- 
tom. already nuieh elevated nb^u'c it. bus not Anisbed its rehttlvo 
movement upward in pi^Jiiortioii to the eastern depression. ^Vhile 
the etmtinental shores of the Atlantic now appear immobile, ami a 
hundred times more impassive than the Pacific shores, the bottoni of 
tlie jVtlantk is in movement in tlie entire eastern zone', almut 3.(N)0 
kiloiucters (1JT5 miles) Iwond, which comprises Iceland, the Azon's, 
Madeira, the ('iitiarii.'s, and the Cape Verde Islands, itcro there is 
even now tui imsiablc zone on the planet's Eurface, and in siicJi a zone 
the nioKt terrible cataclysiits inny at any moment be taking phire. 

.Some witaelysiiis ecHninly have occurred, and they date only »s 
from ycsterdiiy. 1 ask nil those w'ho iiro concerned with the problem 
of Atlantis to listen attentively nml to impress on their mind this 
brief history; there is none more slgntiicont: In the sunuuer of I8SJ3 
a ship was employed in the laying of the submarine telegraphic cable 
which binds Brest to Cape Cod. Thu cable liad Iwien broken, and 
they were trying to fish it up again by menns of grappling iroim. It 
was in north latitude 4"® 0' and longitude aS* 40' west from Paris, 
at a ptunt about COO miles north of the Azores. The mean depth 
was pretty nearly 1.700 AthnmE, or 3,100 meters. The relaying of 
the cai)lc presented great dilhculties, and for several days it was 
necessaiy to drag tlju grappling irons over the bottom. This was 
estahtished: TIk* bottom of the sea in those parts presents the ebor* 
acleristi(s of a mtaintainoiiscounti^, with high siimmita, steep sl»|ms, 
and dwp volleys. The sumniita are rocky, and there an? <H>zes oidy in 
the liolbiwa of the valleys. The grappling iron, in folin^ving this 
mnvli-(lif;tiirlie<l surface, was constanily lieing caught in the rocks by 
hard iKUiits anti sharp edgesi it came up almost always broken or 
twisted, uJid the broken pieces recovered bore largo coarse strho and 
trares of violent nnd rapid wear. On several returns, they found 
between the teeth of the grappling iron little mineral splinters, hav* 
ing the appearance of recently broken chips. All these fragments 
la-longed to the same class of rocks. The unanimous opinion of tlie 
engineer who were present at tlie dre<lging was that the chips in 
rpiestiiin hat] been detached from a bare rock, im uctiml ontcropping, 
shurp-ctlged and angular. The region whence the chips came was 
furthermore precisely that where the soundings had revealed the 
highciit submarine siimMuts and the almost complete absence of oozes. 
The fragiiu-nis, thus tom from the rocky outcrops of the bottom of 
the Atlantic, are of a ritrenus lava, having the chemical composition 
of the basalts and called by the petrographeni. We are 
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prescrvinff of those pret-j^its fjugineuU at the Mtisec de I'E^olo 
dca Alines nt Paris. 

The toattop wna describerl in to the Aeodt-iiiie desj Sciences. 
I'cw geologists then t>oiiiptelienrlF(l its very givnt iui[)oPt. Such ii 
Inva, entirely vitreous, coiupurjiblc to certain basaltic stones of the 
volcanoes in the Hawaiian Islands, could soJhlify into this condition 
only under atmospheric pressure. Under several atmospheres, and 
more eKjJecially under iJ.OOO meters of water, it might liave crystal- 
lized. It wctuld appear to ug as formed of confused cry stals, instead 
of Iwing eomiKksed solely of colloidal matter. The most recent 
studies on this subject leave no doubt, and 1 will content myself 
with recalling tiio observation of Af. Laciois on the lavas of Alonnt 
Pel™ of fitiirtinifjtio; Vitreous, wlien^they congealed in the oiien air, 
these lavas became filled with crystals ns soon us tliey wei-c cocih^i 
uuficr a cover, even not v'ery thick, of previously solitlJTied rocks. 
Tim Biirface wiiich today eomditutes the Ixtttom of the Atlantic. IKK) 
kilomcicrs miles) north of tho Azores, was thereforo wverud 

with lava flows while it was still emerged. Consequently, it has J>ecn 
buries], dcsoeiitliiig d.OOO [neters^ and sim!e the surface of the rocks 
has there preserved its distorted aspetd, its niggecl iVHigliiiesses, the 
sharp eciges of die veiy recent lava flows, it must lie that the caving 
in followed very close iiptm tlic emission of the lavas, and that tills 
collapse wiifi sudden. Othenvise atmospheric erosion and marine 
abt^uon would hnve leveled the inequalities and planed down the 
entire surface, I^ct us continue our reasoning. We are here on the 
line which joii^ Iceland to the A^oree. in the mirlst of tlie Atlantic 
volctmiq jione, in the midst of the ssone of mobility, of inKtahility, and 
present voicftnism. It would seem to 1« a fair concluaion, then, that 
the entire region nurth of the jVkotus and perha[>s the very region of 
the Azores, of which they may be only the visible niins, was very 
recently euhmergcd, probably during the epoch which tlic geologiB^ 
call the present bMamsc it is so reecijt, nnd which for ns, the living 
Leings of to-day, is die same aa yestertinv. 

If you recall now what I told you a Jitl'lc while ago of the e:Tti-etno 
in«iuatitT of the depths to the south and the southwest of tlic A 7 .ores, 
you will agree ^vlth me that a detailed dredging to the south and the 
TOiithwtst of these ishijids would give the aamo resuIlB which have 
been ^own at the north, in the operations of fishing up the tele¬ 
graphic cable again. And Jiefore your eyes would increase then 
almi^ immeasufubly, the buried region, the region which was iib- 
ruptiy engulfed yesterday, and of which the Aimpea are no more than 
the evniences, esenped from the gimeral I'nllapse. 

But oljserve otlier facts, olways of the geologic order. The At- 
iantjc abyss, almost as a whole, seems to be of relatively recent date: 
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fl!id| lx?fore the eolkpse of the Aj:orin,n region, other colhipses oc¬ 
curred there, the siste of which* tiwv liasily !neisunil>k, s^taiggers the 
iiiiiiginiition. 

SiDce tZdiiard Siiesis ami Mjir-c^l Bertrand tnught wn tn regard oiir 
plrniet tind to decipher the slow or rHpid trsin^foniittlicins of it» 
fnce thratigb imtiniuliered centuries we huve iiec^cime itt^ured of tlic 
exifvtence of n very ancient contmental bond between northern 
Europe and North America and of another continental bond^ a{^> 
very ancient* l.)ctween the inaiHaive Africa utid ^outh America* Inhere 
was a North Atlantic continent comprising Itnssia^ tScandiniivia, 
Great Britniii, (treeiilunJ^ and GxinaJa, to which was aiided later 
a soil the ra hand iniido np of a large part of central and %vesterii 
Europe and an immen^ portion of the l-nited States. Thm' was 
also II South AtlantiCj or Afrieaa-Bra^illan^ Continent esitendifig 
northwanl to the southern larder of the Atlas;, enstwurd to t^ie 
Persian (Julf and to MoxainUhjiie Chuniud, westward to the eastern 
bonier of the Andes and to the Siernis of Colotiibin and \'eiiei5iiolu. 
Between the two continents pruv^ai the depressiM^ 

that ancient matilitiie fumiw, wddeh has fonned an escarp about 
the eaith since the beginning of geologic times, and Tvhidi we biill 
see m dc+'piy inarhed in the present ilediterranean, the Caribljcan 
and ilie Snnila or Flores Sea. A chain of mountainii broader 
than the chain the Alpa* and perhaps in some parts m high ns the 
miije^tic irimalavEK once lifted ibself on the land inL-lobcd ^thore of 
the North Atlantic continent, embracing the Vc^es. the Central 
i^Iateaii of Fraacc* Brittanyy the south of England and of Ireland^ 
an^^l ^dso Xeivfoundland, Nova Scotia, and* in the United States, 
oil the Appjilachinn region. The two coasts w hich front each other 
above the Atlantic waters iJ*000 kilometers (l37o miles) apart* tliut 
of Brittany* Cornwall, and the south of Ireland on one side, that of 
New found la fid and Nova Scotia on the other side, are among the 
finest estuary sjuires in the world, and their estnaries are face to 
face, fn the one as in the other, the folds of the ancient chiiin are 
cut abniptly, and often ntitunilly, by the shore; and the dirlgeut 
lim^ of the Eni^pean chain nne directly aligned with those of 
the Americun chain* Within a few years it will be one of the 
plciisures of oceanographers, by clearing up the detail ekI cliiirt of 
the (icean beds Iwtw pen Ireland and Newfunndland, to estahllali the 
[jcrsistcnce of n fold* of oriented mountainous expect, on the site 
of this old engulfed mountxiin cliain. Marcel Bertrand gave tile 
mmM; of -^Hercynian” to this old ebnin^ Edimnl Suess calls it the 
chain of the AltaTdes, for it comes from far-off Ama, and to him 
the xippabchians are nothing less than the Americain Altiiides. 

Thus the region of the Atlantic, until an era of niin which Iwgun 
w^c know not when, but the end of which was the Tertiaryj was 
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DOcnpiv<l by n mntincntfil mass, Imiadcd on tUl^ south by a chiiin 
of tnniintniuK, and which was otiL siibnici'gcil long bcfoi'c tho col¬ 
lapse of thtisc vrdconic lands nf which tlia Azores seem to Ite the 
taat vesti<,’e& Tn pkee of the S'OUth Atlantic Ocean there was, like¬ 
wise, for inntiy thottsaiids of centneies u great continont now v'ery 
deeply etigulftHl beneath the sea. It is probable that these moTe- 
roonLs of depression occurred at several periods, the contours of 
tln! Aleditcrraneori, which then separated tho two continents, being 
frequently modified in tiie courso of the ages: From tfio middle of 
the C’retnwfHis the Meditermncati advanced as far as the Catiaricfi, 
and iti! southern sliore was then very near the site today occupied 
bv tliese islands. tills matter we hove a precise datum l■ecentty 
found by M. Pltarel, and very exactly fixed by IIJf. Cnttix'flu and 
Lcnioine. The rcgirusi of the Cape Varile Islands, at the suniy era, 
still belonged to the African-ltrazillan ContlnciiU 

While the Mediterranean in this Atlantic region was lieing en¬ 
larged by the gnidiinl collapsing uf its sbnrcK, it was l)oing sub¬ 
divided, perUa|}S, and in any cnee its trfdtom was Itecoming ttndu- 
Jated by the fonnation imdemeath it of new folds and wrinkles. 
In this brcHtd and deep furrow, where the sediments from tho north 
and south continents were iicennuihitlng to enornioiis thicknesses, 
the movement was In fact developing wltich during the Tiirtiary 
[wriod giive rise in Europe to the Alpine chain. 

How fur did this Tertiarj' chain, tills Alpine rbsiin, extend in 
the Atlantic region? And, also, wliat was the extent of its faiitt' 
inga in this now- oceanic region? Did some fragments of the chain 
rise higii enough ttt lift themselves for some oentiirire aUive the 
wateiT) Iwfune retuining, suddenly or slowly, into the starless niglitf 
Did the folds of the AI]5s or of the Atlas Mountains spread nbruad 
as far as thi* CrtriLtwan Scsi? And must we admit, between our 
Aljja and the Cocdillera of the West Indies, which is itself only a 
sinuous outpofit of the grand cordillera of the Andes, a teettmic 
bond, as we are admitting, since has ahovru it to ms, a strati¬ 
graphic hoiid? These questions are util! unanswered. M. Ikiuis 
( icntil has followed, in the western Atlas Mountains, the fohis of 
(he Teitiiuy chain to the shore of the ocetm, and he tins seen these 
folds, graclnuliy dlmiriiahing, “drowning themselves,^' ns the miners 
say, dciiKiend into the waves; their direction, on this coast of Agadir 
and of Cfljic flLir, is such tliat, if prolonged hi mind, they would 
Jead us to the Canaries, lint to U> aide to alfirm that the Canaries 
are higiily elcvaten'l frjigments of the engtjlfed Atlas one must have 
obsen'ed the folds in their Crebtoeous sediment, and 1 do not 
believe tliat this olxservation has been made. The Atlas Ttange, 
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as every am> luiotvs, jb orJy one of tlic brntidn!* of the great Tertiary 
chain j it is the prolotigation in tiLeitiortli <if i\Jrjca of tUe mountain- 
oua system of the Apeunimsa, As to the true Alps, which are Uie 
principal bnach of the same chaiii;. tliey may be followed witbtiut 
difficulty as far as tlie Sieriti Nevada^ and even to Gibraltar. Under 
the Strait of Gibraltar they arc reunited to the Rif Mountains. 
Rut the Rif, in wbiclt Bame geologists would sec Lite continuation of 
the entire Alpine system, oeiiainly corresjiond to otilv a part of 
this systeiii; all of one nuz^hern band of Alpine folds, emerging 
from under the nappes of the Sierra Nevada, moves toward the 
West instead of turning toward Citbraltar. i soe them, under the 
recent terranes, crossing .indalusia, forming a narrow ban<l on the 
coast of Al^irVe. and dnjilly, at (,'a|X) St. Vintjeiit, iiliruptly cut 
off and not showing any tendency toward “‘drewning.” hiding tiudn- 
selves in the see. Their direction, if jmjlongcd, would lead us to 
Santa Merie, the most southern of tlie Asores, wlmre wc observe 
uudUtiirbed Miocene sedimenU 

Sunimizig up, there nrp strong reasons for Sieving in the Atlantic 
prolozigiition of the Tertiary folds, those of the Atloa IMountains 
toward the Canaries, those of tiic Alps toward the sou them islands 
of the Assoz^ but nothing yet permits of cither (f.'tteuding very far 
or limiting veiy uairowly this prolongution. The sediments of 
Santa hlariA prove only this, that at the Miocene epoch—that is, 
when the gitnt Alpine movements were terminated in Euruiio-fl 
Jfediternmean shore extcndetl not far from this region of die ,\jenres. 
the shore of a continent or of a large island. Another shore of tlie 
same iliowni? sea paiMed near tlie Canaries. 

In every way die geography has Bingiilarly clianged in the Atlantic 
region in die course of the later periotls of the earth's liLflory; and 
the t'streiue mobility of the bottom of the ocean, shoivn at the 
present time by such a multiplicity of volcuiiutss and ancli on extent 
of !u^a heliis. surely dates from far back. Geprosions during tlie 
secondary peilod, enlarging the \Io4.1iterranean and causing the ruins 
of the Ilercyniuu chain to disappear; foldings in the entire Mmliter- 
ranean sone during tlie first half of the Tertiary era, modifying tlie 
liedfi of this sea and causing nioimtainous islamls to arise here or 
there near its northern eiBist; colLipses again at the close of the 
Miocene, in the folded ifediterranean acne and in the two conti¬ 
nental areas, continuing up to the final annihilation of die two con¬ 
tinents and the obliteration of their shores; then, in the bottom of the 
immense maritime domain resulting from these subsidences, the ap- 
peonince of a new“ design whose geneml direction is north and south 
and which eonceals or, at the very least, pai-tiaily obliterates tiie 
former marking: the pouring out of the lavas, everywhere a little, 
in the residual islands and even on die irnttom of the seas, this 
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'mg forth beirtg Owi uewi^saary inevitable wjunteraetion of Ihvt 
veiy dc^p. <lownw!iird aiating of such portions «f the croiit* Such, 
in brief, is the hiistory of tho AthmtJc Oceim for Kevernl niilUfm 
Years, ihinj incidents of this history will never be e^caetly corre- 
tatedf but we know that qert4iiri of them are very recent. JL L^ouis 
fientil has given us. in this connection, some very interesting: ob- 
^irvations. gnUiered along the Moroeooan coasts, Tho Struit of 
(Hbraltar wag opened at the beginning of tlie Pliixsne. Already, 
at the T<Jrtoniftn epoch, the sea was washing the shore of Agadir, 
and consequently ^fiideira and tlie Canarieu were then ulreatly sep- 
anited from the ContinenL But the TorU^iiinn and even the Plai- 
^ncian beds on this MowNji'oan ahnro are faulted and folded. Tliei'C' 
fore in tl^e zone of pmlougation of the Atlas lloujitiung there ha\e 
been important mciveiucnts posterior to the Plaisaiictun, and conse¬ 
quently UutiLcmary. Tlie clianne! s\hhh separaU^s liludoini and 
tho Canaries fram the African mass was again dec|>enctl in Qua¬ 
ternary times, 

Such ar^ the data of geology* ITio extreme mobility of the At¬ 
lantic region, e^^pecinlly in conjunction whh the ineditemtneiin de¬ 
pression and tlie gretit voli*nnie z«no^ 3.000 kilometers (1,^75 mik.^) 
hr<K(i{l, which extends from north to souths in the eastern half of 
the present licean; tho certainty of the occiirreace of liiiiuensc de- 
pressJoiis when Islands and even continents have dlsappeaml; the 
certuiiity that some of these depressions date ns fmm ycstcrdiiy. are 
of Quaternary age. and that consequently they might have liwn seen 
by ninn; the certainty that smue of them have lic^n sinldcn, or at 
hnist very rapid. 5>efi how nmeh there is to encouragi^ these wlm istili 
hold out for Plftb/s narrative- Cleoldgieany speaking* the PJa- 
t onion history of Atlantis is higiily proktUle. 

Now let us {Hiiisiilt the zoofogista. Ttiere is a yoimg French 
scholar, fi^Jnis Germain, who is going to answer ns; and I really 
regret very much not being able actually to give him the tloor^ but 
instead to U? <tily his very inadequate intcqjreter. 

First of all. the study of the present terrestrial faiinu of the 
islands of the four architHdageses, the Azores, Nfadcirii, the Canaries, 
ond Cape Verde, hiui convinced If. Oeniiain nf the clearly continental 
«>rigin of this fauna. He even okserves nuinei^us indications an 
adaptation to desert life. The malaeotcigical fauna esix^riaUy is 
connected with that of the region about tho Mediterranean, while 
ililFering from the African equatorial fauna. The same analogies 
with tho fiiuna alxiut the Afediterraiieiiii are obseiwed in the itolhusA'a 
Ilf the Quaternary. 

Secondly, the Quaternary formations of the Canaries rcsenibk 
those of Mauritania and inclo&e tho same species of MoUiiscii; for 
example, the same species of HdLt* 
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Prom tli$9C two prlmari' facts 11. Gcrmniu deduces tbe eviJciit 
conclusion Unit the four nrctiipelagoes were oontiectcd with the 
African Continent up to an epoch very near our own, at the veiy 
least until iowurtl Uie end of llie Tertiary. 

Thirdly, in the present MoUiuicr of the four arrhipelngoes Uieru 
are some species which seem to be the (mrrivors of the fossil species 
of the KurojK’an Tertiary; and a similar stirvival exista atsu in the 
vegetable seriesL n fern, the Adianttim remformer at present extinct 
in Europe, but known in the Pliocene of Portugnl, continuing to-day 
to lire in the Canaries and in the A?.oros. 

JU. (rcrniain detliuics from this third fact the bond, up to Pliocene 
times, with the flierian Pcninsigla, of the continent which einhrarcd 
Uie archipkgoes and the severing of this l>ond during the Pliocene. 

Fourthly, the Piilmonata MoUiisca, callud Oleacinida*, have a pecu¬ 
liar geographic diirtrihiition. They live only in Central America, 
the West Indies, the irccliteri'Miettn Basin, and the Cannrics, Ma- 
deiia, and the Ar.orcs, In America tliey have preserred the large 
fiiite that tliey had in Europe in the Miocene epoch; in the ^leditrr- 
ranenn Basin and in the Atlantic islands they have become nllicli 
eninller. 

Tills geographic distribution of Uie Olcacinidu' eviilenlly Implies 
the extension to tlie West Indies at the beginning of the Miocene 
of tbe coatinent whieh included the Azores, the (kntiries. niul 
Madeira, and the cstahli.shing during the IMIoccnc, or toward its close, 
of n separation Iwtween the West Indies and this continent 

Two facts remain relative to the marine imimals, and both seem 
impossible of explanation, except by Uie jiersisletire, up to very 
near the ptcsnuit times, of n maritime shone extending from the IVcat 
Indies to .Senegal, nnd even binding together i’^loridn, the Bermudas, 
and the bottom of the Gulf of Guinea. Fifteen species of marine 
ilolliisca lived at the same time, both in. the West Indies and on the 
L-oiist of Senegal and nowIictT! else, unleis this cne.\isLe];ice ran bi* 
explained by the transportation of the embrj’oe. On the other hiitnl, 
tlie Mttdrcpororia fauna of the Uhind of St. Thutnas, studied by M. 
Gravier. includes si,x specie;*—one docs not lii-c outside of .Su 
TliomnSi extejit in the Florida Ecefs; and four others iin: known 
ouly from the Bermudas. As the duration of tlie pelagic life of I he 
larva? of the Mndreporaria is only a few days, it is impofflibk to 
attribute this surprising nappeaianoe to tlic action of marine 
luri'ents. 

In taking all this into aoeouut, M. Germain is Jixl to admit the 
existence of an Atlantic continent connected witli the fherian IVnin- 
sula and with Mauritania and prolonging itself rather fur toward the 
nouUi lio as to include some regions of desert climate. During thu 
Miocene again this continent extends os far as the West Indies. 
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It IS then portioned off^ fit first in the din}Ction of the Wert; Tndic^^ 
then in the south, hj the e:^tuhii:shntent of n marine ^jhoi-e which 
extends as far as Scnegnl ntid to the depths of the of Gulneai 
then at Icn^h in Ihe east, probably tluHng the Pliocene, ulorig the 
copst of Africa. Tho Inst great fmement, flnully irngnlfed und no 
longer having left any further vestiges lUaii the four urchipekgocs. 
wmild the Atlantis of Plato. 

I will refrain in my ineompetence from espresaing the sliglitest 
opinion as to the ^oologie value of the fuets pointed out by Sf. (rer- 
uiain, and as to the degree of accuracy of the cnnchisiona that he 
draws from them. Bat how tan one f[iil to be struck by the lilmost 
ab^lute iigpecuient of thm xocTogic coocliisions with to which 
geologj' huH led And who cmild now. in the face of so complete 
im accord^ luised on prgiimenti^ m dilferDnt, rtill donht the pi'eser- 
ratioiL up to an epc»ch very near our of vart Lands enici'ged in 
the part of the ocean which is we^it of the Pilkrs of llcrcnlcsl 

Tliwt is siiflicient; and thk La what we should renieuiber from our 
brief talk. To recotLrtruct even approximately Uie mnp of Atlantis 
will jilwnys remain a diffienlt proposition. At present we nnt 
even think of it* But it is cntTrelj reasonable to believe that, long 
after the opening of tho StTait of Gibraltar, certain of these ciiierged 
iands still existed^ and iimong tbtun a inan*e!oiis island, separated 
from the African Continent by a chain of other smaller islaiids. 
One thing nlone remains to f>e proied—that the cataclysm w'hieh 
caufictl this island to disappiuir was subsequent to the iipjjearance of 
mitn in western Eurojie. The cataclysm U undouhied. Did men 
then live who could withstand the reaction and transmit the mem¬ 
ory of it? That is the %vhf>le question. I do not believe it at all 
inHolvuble, though it seems to me that neither gimlogj- nor r-wlogv 
will solve it* These two sirience^ ap|>eor to have told nil that tliey 
tell; nod It is from anthropology, from tthnography, and* lastly, 
fi*ODi oceartogrujdi}* that T am now awaiting the final answer. 

M(*aijwhilei not only will scien<?e, inofit modern si^ience, not mnkc it 
a crime for all lovers of beantifnl legends to believe in Plutos story 
of Atlantk, but science lierself through my voice calls theii- attention 
to it Science herselft tainng tlicm l>y tho hand nmi load mg them 
along the w rectstrewn oc]:eiin shore, spreads bcfoj'e their eyes, with 
thoii^nds of disabled rfups* tho continents suhmergod or mltiecd to 
ixiumiints* and tlie iaies witluHit numlusr enshrouded in the abyssinal 
depths. 

For my own part T can not help thinking of the abrupt movements 
of the earthcrtjst and, among otherstof that terrifying phenomenon 
of the almost, sudden dkuppeunmee of some ouukirt of u continent. 
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iiiiiJiB clement at a chain of motlnttdns, some great ialanJ, into a gulf 
many thomsandi} of raeterg dwp. That em-h u phonomenon may be 
produTOl, and even repeated many tunca, in the course of later 
geologic ^‘riods, and tliat it may often attain to gigantic siwi, this 
no geologiiit is right in questioning. We are surpriisiid sometimes that 
similar cataclysms have left no traces on our shores, withmit rcdcct* 
ing that it ie the very stiddenness of tiioir arrival and thdr flight 
which renders them scaixely conceivable. Not one of them, in fact, 
has ever occurred without initiating a Imvcring of the ineati sea 
level, hut the counteraction is never delayed at all, and the rapid 
rising of another division of the ocean bottom, or the slower issue 
of the by tin means iinlmnginahle submarme flows of lavas, bus soon 
reftliihlisheil the ^nilibriom; so exact is the balance in which are 
weigherl—on one aide the deeps, on the other the mountains. 

And when in thought I thus review those frightful pages of tlio 
earth is history, usually in presence of the smiling sea, indliferent, Iw- 
fore the saa “more beautiful than cudicdrals,'’ T dream of the last 
night of Atlantis, to which perhaps the fast night, that “great 
night" of luimaiiity will bear semblance. Tlie young men have nil 
departed for the war. beyond the islands of the Levant and the dis¬ 
tant Piltara of Hercules; those who remain, men of mature 
women, children, old men. and priests, anxiously question tlie mnrino 
horizon, hoping there to s« the first sails appearing, hemids of the 
warriors Tctiinn. But to-night the horizon is dark and vacant- How 
Jadoay- the sea grows; iiow threatening is the skv so overcast f 
The earth for some days has shuddered and trembled. ’Tlie sun seems 
rent iisiinder, here and there exhaling fiery vapors. It U even re- 
portwl that some of the mountain craters have opened, whence Einoke 
Md flames belch fonh and stones and ashes are hurled into the air 
Now on all sides o wonn gray powder is mining down. Night ha>i 
quite falUm. f^irful darkness; nothing can be seen without iig1it«l 
tnreh^. Suddenly seized with blind terror, the multitude mshes 
into the temples: but lo. even tiie temples rriimble. while the sea 
advan^ and invades the shore, its cruel clamor rising load above ail 
other row. W]ijt takes place might indeed be the Divine wrath. 
Then quiet reigns; no longer are there either mountains or shores; no 
lonpr anything save the restless sea, aslftsp under the tropic sky, 
with Its stare unnumbered; and in the breath of the trade winds^T 
hear the voice of the immortal poet singing; 

O. a-avi**. how miiiyr mournful tnfEn you hnow' 

Wide (ir^yfoutHl, Uiat kiweliiK- mothcra f™i 
Those tntea the UwOlaa tkloa recuunt with mre' 

Aai) thiw nrl9i> tboso vntecs of dcsimlr ‘ 

Which yoo to-nlglit nsaln brUig with you here I 
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EVIDENCES OF PKliOTlVE LIFE, 


By eSAaiJM D. WAijCwrT. 


lWUln{}i»lntL>iLj 

INTHODBCrnOK. 

Few of US hare a cleur realiKation of the age of the eurih. Under 
murij deceptive aspects £]ie carries with her tlic seirrats of a long 
and busy life, one of such fascinating activity that It is not sur¬ 
prising tlwt students a™ ever seeking to unntvel tiic nivstcries of 
the past. Witli all the evideaecss of youtli tlieni is to be felt, espe. 
cially among die mountains, u sense of age and liitinitu power, and 
we are inspired with uwe as we trece the base of wonulowB iwks, 
mites in thickness, that formed Uie mountuin ranges for hack in 
geologic time. 

The age of the eartli in years I sliul] not attempt to discuss. A 
recent r^sumfi "■ shows the relative age of the aedimentaiy strata 
for each period of its liistory. Tltese figures point to a minimum 
time limit of scarcely less than (10,000,000 of years since wtitor and 
wind began to transport continental eaith and rocks over the Ituid 
and into seas and lakes. How lung before that the earth history 
began U is diflicult even to conjecture. With the discovery of the 
stored-iip energy of radium and the de^'clopnieut of the planctesimal 
hypothesis by Dr. T. C. Chanil«rlin, the gupimsKl axed standards 
of the pa-st generation have twen swept away and new comeiitions 
are being slowly formulated and subiected to'alt the tests that mod- 
eni earth tjoi LH)n€«ive. 

A concrete conception of the age of life on the earth Is suggested 
by recalling tUat the Cumfirian system, with its early und semiprimi- 
tive forms of invertebrate murine fossils, stands, rouglily speaking, 
midway in the cartii's history ; iipprosiuiately as liing a period of 
time was required to develop life to the Cambrian stage of evolution 
as has since elapsed up to the present time. 

^ My own investigations have been mainly in the Cambrian and pre- 
C&mbrian strata and ha ve invohxd new and somewhat Pturtiing 

Pl^ Eartli, Ajm. Kept. SmltboaQlAH Injt_ IKll. Wailila^tMD. 1012, 
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discoveries that helped to show how very mnefa earlier life was de¬ 
veloped on our plnnet than we had previoiisly supposed. These re- 
seiirches have taken into consideration the records toft on nil the 
Cfiiitinrnts and nntfij of the great islands. The Cjinibrlun i^x'ks of 
Cliina and tludr included truces of life were compuml mul reviewiHl; 
the proldeiu of the abrupt appearance of the Camliriun fauna on die 
North American continent was considered; comparLsona were insti¬ 
tuted from measurements of seclion.s In the Cordillernn and A]ip[i- 
hichitin regions of theTTuited States and Canada, mchidlng die How 
River Valley of Alberta, and the Robson Peak and Mount Hiir|£es3 
districts of Hritish Columbia, wheiip peculiarly rich fossil Ijods were 
discovcrcij; nioitt n.'cently certain horizons of the Cumbrian forma¬ 
tions of the Mississippi Vulley were disenssed with their fuimfis, 
followed by the study now In hand of pre-Ciitiibrian Algonkinn 
traces of life. 

In these inquiries I hiivc hud generotis n.^sifjtnncc in obtaining col¬ 
lections and exchanging piihlicatious with sltulenta all over tiie world, 
i rid tiding geologists, pnlcaniidogista, zoologists, and pnleolwlnnists 
in Aiuerini and Europe and in far-away outposts of Chitui. Siberia, 
India, Austi*olin, iind New Zealand. 

Field work, with compass, honimcr, and chisel, hivs been the rule, 
followed ljy laboratory nnd critteid corn par Ison of many tboiisands 
of specimens of fossil genera and species of ancient marine life, and 
often study of micruscupie sections of rocks and fosils in the hopii 
of boding evidence of the preaetic?e of minute aiul active Imcterial 
nnd simple algal workers, siicb as exist in modem seas and lakes, 
whidi by their united elfnrts form gn-ot mtissea of the recent sea and 
lake deposits. 

I'UEU'AMMftlAA- .\f.(IONKlA.V XORTU AjrKtttCA* 

Tn North America, with its great epicontinentnl formations, the 
Algonkinn era, Iwtween Uie inchoate Areheaii and the well-defined 
Camlirinn. was a time of continental elevation and largely teiTigenous 
sedimmtatioii In nonm anno hod lea of water.nnil of deposition Lviierial 
am] stream processes in favorable areas. Marine swUinents undoubt¬ 
edly aeciitinilated in the waters along tbe outer oemn shores of die 
contitienU htit they are unknown to us, uml great (|U«ntities of erup¬ 
tive matter were extruded into the Lfiitml Kake Superior region 
{Kewccuuwaiil. The agencies of diastrqphism excrtetl their iuHu- 
ence throughout this long iieriod, thougii with decreasing energy, 
until they liecnnie practically quiescent during the latter part of 
Alg:T>nkiftn 

■ Fni4il£ini i»f Amriridl& ritHnlu^. i'aJe Uaiv, l^rr«a« 10JS, TJm 
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The North Araeric4in contineot tths larger at the beginning of 
known Cambrian time than at Jinj subsequent period^ other tiimi 
poBsibJy nt the end of Paleozoic Cinic and the end of Cretuceous time, 
when the hmd area w»e equally extensive^ Indeed, it is highly prob- 
able ibat its urea \rns even greater then than now^ for no marine 
deposits cx»nluining f^re-Catnlirian life, as tliey were laid down in 
Liipalijin^ time immediately preceding tbe Cambrion perio^lf have 
l)eeii discovered in the North AirierIctin Continent or elsewhei’ej so 
far ns known. 

I graduuliy cniiie to tbe eondusion^ that tlie most natural e.'^pla- 
nation of the ufj^enee of the inieesof a di^tiiiui mnriue pre-Cambrlnn 
faimu is that die XortU Aiiioricun cofitiiieot in piij-Caiubrjnn time 
was [it such iin elevuiion abm'e Uie B&n that there is now tui record 
of the sedinieub deposited on the under sea dieif about tlie eonti- 
neiital ai'eii r^f tbat tSiue^ This [>resuppoi^s that tbe great series of 
pne-Cambriiin Algonkian sediments in the Rock? Mountain region 
were deposited hi un inland ineiliteiTiiiieiin^ or a series of great lllke^j 
luid Hood plains sudi as existed in XertiHry The same con¬ 

clusion aj>plies to iiU of the later pre-Catubjiitu Algonkiun forma¬ 
tions of the Liike Soperior region^ Texas, Arizona, and so fortli* 

On this hypothesis the evolntioii of Um pre-Cambrian fatina was 
taking place in wiitera contiguous to the continental nreit. and their 
remains, buried in the seditiients tlien accumulating, have not l^een 
futmcl, owing to the fact tliat those sedimenhj are now hidden l>etieath 
the sea oil' die present coast lines of the continent* Tbat such u con¬ 
dition existed is suggested by the iilnitfei: toLiil absence of any traces 
of life ill tile existing pre-Cambrian sedimerits* 

EXTKNT OF WmiDIlAV?AL OF IS AIA^OXKLVN llME.* 

That tlie present area of the North Americiin Continent was higher 
tlbiri the level of the Altaiitie iind Psicilic Oceans at the iH-^ginning 
of known Chimbrian tiiue is, I think, well estsibbshed. and with the 
data available it would iipi^ar thiit all other coiitinenial areas were 
an a similar condition* What dinstreplifc action ciiiisscd tlm with- 

■ AliTUlif ot Uw? Cninl^riBa fjitaai pts Oie Norlb Aia&ri<iiU CcibtlDf^nL SmUb- 

■u&JjiTi Ulsf. CulL, tdl* G7+ no^ n 1010, p, 14 Ifacitiijfi|«). LI|idllHJi wmm p»- 

pu»H43 for tti* ¥n. ol uiihi9A«-Ei licrurrttj iiii» A^cLHtm^nt o( fKln^ld lifft m 

lltEornJ cfriuUUoflii flfiiJ I be fif iIh^ l#4^wer Cambrlttfl rAlma. It t^pnwnUi th** 

Period belwe^ii tbe farmiLlIqci af tie AlgoOkluii «cUlEM!rilJl Jitid tli^ earllnt ttkcmacUrntDl 
at tibc CftHitinHia B«L 

IfllO *™^^*** other icDFra of tbe M«waiirblfL% SoiltliBODlflp SJJifi- Cgltit toL no. It, 

' Tlie m.niA MELtu^tld tAiniiia ilk>^j:rlbiHl frvoi tbow «<Irtiaoflc* IWitE^tt. iSfty, 

Fii«-i:ani[tiiiED fo^DiroroELi nirranuoiu, BulL Owl, Soe. Auieiicii« Tot, lO, p. tfoai eouibt 
U Woll Imna I it u miirtEiHQ Tbcrc- !■ ncittiliig AM fftr A* klKi'Wii 

to JnclIcqE^ tbMt lb«j ambHArfly UmEtn] lo a toarfne bHJilttit. 

* Abrupt miaw af (hii CAmbrljin fAunji op tbfi Xoltb Atnerltim CoQtliiMnt amlUi- 

Mblu Ml«. CoLL, TOt Otr 1, IMO, p. 12. 
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drnwfll of the irntors from the eontinentaJ areas during the 

greiit period tvpresented bj the nDn-merine ileposition of the bter 
Algonkicm sedijiients nnd the period of erosimn preceding the depoei' 
tion of the siiperjnrent Cambriaii sedjjnents, is tinknown. It may 
have been prodmueil by'u sinking of tiie uceyn bed tiiat loTvereiJ the 
shore hue of nil the continents. It was of world*wide extent and of 
great duration, and it was during this period that tJie open-aea fauna 
Wfls presumahly first developed in the open ocean, ns oiithned by 
Ilrooks.’^ It probably found its way to the littora! zone and de¬ 
veloped in the protected waters along tiic ancient epicontineuttil 
Selves. Of this pteriofi wc have no known record cither in marine 
sedimentation or in life, but I think that the Ufo of the oceans Iw- 
came adapted to liLtnnil nnil shore conditions in Algonkian time 
during a period when the relaLion of all the continents to the sea 
level was esscntidllj the same ns at the preitcnt time, or possibly the 
continents may have been still mare elevated in rclaiion to tlie stir* 
rounding oceans 

The known fosssLls contained in the Algonkian sediments of the 
Cordillenin geosyncHne lived in fresh or brackish waters that were 
rarely in connection with marine waters on the margintj of the 
Algonkian continent nf North America. This wilt ciphiin the 
abrupt iippearunoc nf a highly specialized shrimp-liko crtia- 

taceim. deep down in the Reltian series. 

When the oceanic waters gained access to the Algonkian conti¬ 
nent al areas at the beginning nf Cambrian time they brought with 
them tlie littoral marine fa Tin n whleh had iwen developed during 
die Tdpalian sedimentation, and buried its remains in the sands and 
muds which form the Lower Cnmiirimi deposits. The apparently 
abrupt apiwarance of tliis fauna is to bo explained by the shscnce 
on our present land areas of (lie sediments, an<] hence tlie faunas 
of the Lipalian period. This resulted from the rantineiilal area 
Leing aimve sea level during the development of tlic unknown 
ancestry of tlie Cambrian fauna. 

T fully realijte that the coucluflions above outlined are based 
prlniarily on the absence of a marine fauna from the Algonkian 
rocks, but until such is discovered I know of no more probable 
explanation of the abrupt appearance of die {.'ambrian fauna. 

AIj;flNKlA.\' FOHMaTIOXS. 

The Algonkian rocks are largely formed of mud, aind, gravel, and 
volcanic rocks that were deposited in lakes, on plains, or in valkyg 
by the action of water, wind, and eruptive agencies. 

' Dnoota, W. K,; 'The orlffln of Uw nlijr*! focftUi And Ihe of tlie h 4 ir«a, p| 1li« 

««*a. Jour. UeoU «1. 2, iSOi, w*. Mir™ nt iii« 
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On the cftstem side of North America tho rocks are mostly formed 
* of siliceous mud and eandj in the Lake Superior region, siiioeaEis 
mud, sand, gravel, and an immense mats of eriiptive rock; in tho 
Ko,*ky Mountain and adjacent areas, siHceoiis and caleareous muds, 
fine sands, and a small amount of enfjHive rock. In Montana tiie 
Algorikian rocks are from 13,000 to 35,000 or more feet in thickness 
and contain great beds of limestone, in which traces of life have lieen 
found. One of them, called the Newland limestone, is particularly 
rich in algal deponit*^^ 


L'JiCJIXFOItSlITV WtiTWEEN THE CAlIHItJAN' AND rREA:M1B]tIAX 

n(x.'KS,’ 

Tlie variation in thickness of the basal Oambrian conglomerate 
seems to indicate tlmt the pre-Canibrlan surface over which it was 
deposite<] was broadly irregular. The ('nnibrinn BCa was evidently 
transgressing across the dark siliceous shales of the pre-Cambrian 
land and reducing them to nillefl yjobblcs, angular fraginentis, and 
mud. The mud gave origin to small Icntiles of shale similnr in 
fharacter to the slwle iielow the unconformity, while tentites of 
siindstono of greenish tint ind irate thiit fine materia I wbs being de- 
rivefl from still older pre^Candirian formations than the shale. 

Of greater importance is the eridence that the sediments of the 
two periods wens deposited under different physical conditions The 
Camhrinii ^ndstones are composed of dean, well-washed grains, and 
tho t'ambrinn calcareous and argillaceous shales were deposited as 
muds olfshnre along with the remains of an alnmdant murine life. 
Tlie Algonkian Hector shales* of the pre-Cambrinn arc siticcous 
and w'itlifjiit traces of life; the sandstones are impure and dirtv, 
with the tjmirt?! grains a dead milky w hito or ghisy and iron 
stained. These sediments werB evidently deposited in relatively 
fluiet, muddy, fresh or bradrisb waters, 

I do not tflmpare the limestone formations, as in the Cambrian 
they are 2,000 feet or more above tlie plane of imconformity «t the 

base of the Cambrian and much farther below m the Alironkinn 
senes. 


DRICTN KF ALCONKTAN blMESTOMSS,* 


The Stream flow and drainage into the Algonkian lakes undoubt¬ 
edly a needed all of the soluble mineral matter necessary to account 
for the limestones, aliocous dialcs, and calcium carbonate depositsiwf 


*^^nihritta AtpjttUiin Bipii fl^ra. SmUfaHnint] mik . CoIt., wI. fw no. a. ion 

-a..,. ^ 

* 1 r^Oiintiriin Aieobhun ai^a] flora, EmhiMoaiju Hue. Coil., toi. 64. r*. idu, p. ft4. 
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the Al^nkmn scries of fomiatxoiis,^ but the origin of the great pre- 
Ciimbriiii limebioiies of western America has long been a mooted* * 
c{uestion. find the natuna of the concretionary like Cr^pimo&n (pi. 
hiLs nut iKJcn m ilelinitdy tletertnlned us to be uecepted by common 
consent either as uf phmt tsr anijiml origun Twenty years ago I had 
n number of thin fictions made of tlie matrix aiui foeaibfrom 
the limestone of tlie Chuar terraue of the Grand Canyon serhr^ of 
Ari 3 !ona= ajitl later of specimens from the Belt series of Montana* 
Not dicing able to tUst-over any traces of detailed cpt minute structiirej 
the s|)ociiiions and sUdi^ were put Jialde for future Estiuly. Recently 
1 have hud CMXTisifui to consider the quest!on of tlie origin of the 
limestimis? of the great prc-Ciimbritm Algonkluti formations of tbo 
Cordilleriiii lirca, and in this connection to determine if possiblo 
wheihtT there was any relation bet’^veen the so'culled Cr^pt^zmn 
und the presence of the Algonkiati series of litnestones^ 

The darbxjnaeeoua mailer in ih© dark New land iimestoues is shown 
by the blacky ftocculent nsddue that accumulates w hen a fragment of 
limertoiic is dissolved in hydri»chk>ric acid and by the Idtuininous 
o<ior given off when tViC rock is struck witli a heaiy baiamer. This 
carboiuiecons matter was probably derived from the bacteria anil algie 
of tlio tiine.“ 

The limestones of the Xcwinndl formalioa have more ur less mag¬ 
nesian content^ but many of tbe In3'0rB are pure limestoiio, especially 
thtr^ cemtaining ihe reefs or baiiikii of algal remains. Tixe f^pecimvA-H 
of algal rcnialns are usually magnesian and GiliceotiBy wbich accoiini^ 
for the wuTithering m relief (plii. i and S) and tbe case with which 
they arc etched by llie solution of the Hmestone in weak hydro¬ 
chloric acid* 

TTie purer limestones are of considcrablo vertical thickne^ and 
their ilistributiou indicates bodies of wnter several thoii^^anil iapjare 
miJes in aTOL The bunks or reefs of algal deposits nutke a snmll 
percentage uf the total mass of liniestouBy hut if we as^unseH as T tliink 
we mny^ that tho bacteria were active agents in the deposition of 
the scduble bicarbonate of lime in Algonkiaii waters, a plamdbte ex¬ 
planation is found for tlie luzcurrencc of the hoiiiogcncons limestones 
of tbe Algonkian in wbkb no traces of fossils have Iwen foimd-^ 

rns*^TL riAf^ERIA. 

Tile occurrence of bacteria in a fofi^di stste has long lieen known. 

Dr. Clement Reid, In an article on Paleobotany, states that*— 
flnst cvlddDW fur the eilstviieo tjf PuImeoIc laieterln wus obtalneU In lists 
tK^v Van TEe^liQm, wbo faijnO tliiat la Mllddc^ ve^tnbSe romialns from tOe coal 

^ SmlLhioalAD OalL iral. 04. mi. 2. 1^14. Pr 1^. 

*rr|rjii«mrt r nnwicn. boil Hc^i. e;ec. .iniQriau voL to. pp^ 

pi :;3, JLii. i-i. 

* l^-i^ftpOkriAD AicaokUw fara. !<muaPKiaifl£i ui»r. cTali. v^t. x 1014^ p, 

*' lOiHn^ pL 04. 

* Baii^frlcipiNUfl llrnaikDl£d 4 IJtla *ttL :£0, lUlL p- 325^ 
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mBfimre* SL the celliilw merolirnnefl hheweil traces of snfvjectloti 

to butyric f^nueDtutLon such tm Ls proUuctHi ni Ihc pre^at itcty by ffitcJ/riti 
to^cter* be nlRO dulcwKl to hu vie detecteil the orjrjiDlsm Slure tbnt time 

H number of fossil bncserlJL inuIiUy from FaleozoSc stfeta* been do- 

scribed Renuult. occurrfai? In all Idihlii of fossilijied rc^^etable and animal 
d^brliL Tlnj anptiin«^ mJcrocood prenenC little tbnt Is obaracterlRtle^ tbe jnafo 
de^iilte, fwlllke form of iho badni olfeta a better meAiiH of lecoffuUlon, theu^li 
fjjf ffiYjii An tafalllbio oner tu n few ra&es dork gruDuSoA Siutifesrtiire of endo- 
brtire lieon fotinii witliln the rotla. On ihe nbol^, the oecurronee of 
ImetiTlll Iti l*o]i^»fdr tlnN^ probiible n priori funy lie taken oj? estobllfibed^ 
thou}£b tho ntteiupt to iliserliiiiiDiile spedefl atnotiR them [r probnhly futile. 

M. SennttU^ in 1805^ wrote: 

It may tw siiri»r1slni^ thot beinpa llko the brteterio, whofie te^meatB are m 
Allj^htly ilfPitiaetp sboold hove Itoeji prefterrcil In a manner clear enouf^b so that 
their preseaei? Is oflea easier to dlai-tiiTer when they are foBslI thiio when they 
are llvlnij.^ 

The rea&un for tliijs, M. Honatill onntiniiefit is liecaiise llvie delicuite 
tegument Inis t4iken on a certain dbcolomtion^ which makes it btund 
out cliiiarlj fi'om the surroimding matrix. Though^ of course.^ 
microscopic, Its form is presented with ubsoltiti^ j>crfectioii. In tlw 
secondar)^ nnd Tt^rtbrv (Permian^ strata be diblinginshcd several 
varieties^ both of bacleriji and micrococci, resembling almost identic 
calJy the tiving forms, and he stated that the only reasoo be hesi¬ 
tated to identify tliein as iJosSlively the same waa i^GcatiHo of the iiU' 
possibility of siihjecting fossil bacteria to tho cutture test. In thi:j 
test* as is well known, the various genem of hacterin^ Ihmigli often 
looking alike^ behave very ciiilercntly and tbii 3 are distingitislmble 
Htid separable. At present, tberefore^ we may only point out ap¬ 
parent generic differences in the fossil bacteria rcvcaletl by the 
microsctipe* 

rStt^AMURIAN AUIONKIAN tSACTERIA, 

The presence of nunulc foims of algcc and bacteria in the ancient 
pre-C'ambrian rocks was suspected for several years before they were 
found. From the part they both play in the deiiosition of calcium 
carbonate in modem waters and die fact that bacteria are iisnally 
present when animal or vegetable matter is broken down by decom^ 
position it seems that they must have existed almost from tlie begin¬ 
ning of life on earth, and that in this way we may explain the pres¬ 
entee of limestone of pre-Cainbrian Algonkiaa time that is found in 
Montana and other parts of North America. 

In the spring of 1D14 after careful study of tlic problem it was 
concluded to be quite probable that bacteria were nn important fac- 

!■ 11+ E^UAiilU lt?i:lwfttirti mr In BacC^rlac^ti toBBlla. Ana. EcL XRt. Bfit VoL S 
1 S 6 I 8 ''—lOlS- m 
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tor in tJic- dExposition of tlie Al^nkbn Uincstoncs, but no drfintto 
biielerifl hiicJ h^tti discovemb From h^Hxcixnens collected in tite sum- 
mur of thnt year many thin sections were prepared, and in tbe^ Dr. 
Albei't Mamif mioro±jcopii^ and student of diaComs and bacterm. dis* 
cxivcred indi%'idual esolJs and apparent chains of celk (pL 4^ dgis. 9 
and 3) wliich corrcspoiid in tbetr physical uppearnnee willi the cclk 
of micrococci (pi. 4, tig. 1), a form of bacteria of to-dnj, Tlie world 
at largo has Ijclioved 11 lot bacteria were nKalern forms of life, but 
they bud been found as exEplaitieil alwvo in fossil wood of CarbiHiifer- 
fsiK time and now wo are made to realise iliiit they exkted in tlie first 
kiiaivTi n'ptH'h of llie eiirUj^a life bistotyj many millions of year^ ago^ 
For tli 0 purpotio of f.v^mparison an illnstruttou h given of ii group 
<if recent forms as illustrated in tlie Encyclopfeiiia BrStonnica^ and 
of tlie form of cells sbown in the tldn ^4ians cut from the fcH^I 
algal rcmxiins of tlio Newknd limestone (pL 4 ), 

AH,iOSKIAN YCmiL A145 A L UEMAINi^. 

In iVfozitana it wap found tiiiit a great series of pre^Palet^oic sedi- 
riiiufctiiry rneks was eAposnl by the nplift of the granite moss form¬ 
ing the tyumiuii of IVtoimt Editli of the Big Belt Mountains, in siicli 
a way that thn thicknc^ of the sandstones, limestones, ami shule^ 
cotEld Ik* readdy mcasiucd in the niiineroiis ecctions exj>osc^l in ihe 
canyons worn by waters cii:s<:end'mg from the highet points to ilie 
viiHuy hunoumUng the mtige. Nearly 5 miles in thickness of rock 
wore meastin-iL iind in them liinestoiie reefs of ftjssil algal remiiSne 
were foiuid and large numljcrs of typieal sp^^eimens were coIkKxteiL 
It was oh.^nxnl that some of the algal remains w'ene deposited 
very iiiudi in tlio same maiincr as those that are now being depfisiteil 
in many fresli-water lakes, and that many of the forms had a charac¬ 
ter simijnr to those being deposited through moebnnical and algtil 
agpjicic^^ ill the tlierma! springs and pools of the Ydlowstono Na¬ 
tion id Piirk- A compiiristm of rnicroscopic cells from n?corit blur- 
gropii tdgiv and tbdr Algonkiati represpntativcfi disek>^ surprising 
Fimilarily (ph fi) jind led to Un? conclnsion that tliis ty]je of alga 
c-vistod very ciarly in the hkiory of life, 

<hi the north rfde of tlie Fai=t fiallittin River two very rieli bods 
of algal reztialn» were foiindt many of which, on account of the fos¬ 
sil fH'ing silicified and imbedded in a softer limeslone, ivere weathered 
out in rplirf. as shown by plate 3. 


■ lirtevtiDth ril, timL 3^ |n, 1<10, ftp, &. 
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THU .SKAIILII TUK HOCKS OF CAMEimAN TUIE, AKD KAKLY 

INCENTIVE TO 150 TO THK JtOCl^Y MOUNTAINS. 

Fricn<l9 have often asked how I h[ip]>C!riocl to tnke up geologic work 
in the T^ocky Mountains. The reason is a very s^iniple one* Ah a boy 
of 17 T planned to study those older ft^i^^iliferous rocks of the Xoilli 
A me r lean Continent which the great English gcoEogist^ AcTam Sedg¬ 
wick, had eiilteil the Ciiiiihriim eTstem on account of his Jindlng them 
in tlie Cnmhrism dLsfrict of Waltss.* 

The early explorers of the Tlocky Sfountjiina iiinl huge phi leans 
wrote of great massesii of anricnt Wlikd rocks exposed hy mountain 
uplifts nnd deep canyons, and go I havo taken advantage of every 
opportunity to visit and w'ork in thai greiit wonderland. This study 
lias ^C^1 rno to ninny wild and beautiful regioriH, where nature has 
gloriGe^l theso old sea IhhIs Iiy tbniating tlietn up into mountain 
with below and crowns of perfietiial siiuw and ice on 

their stiumiil.M- 

Frum ihe vicinity nf our Burgess Pass cauip in lira CanurJinn 
Bocktes the views were nioat beautiful one! variedj changing rrum 
hour to hour during the day and fmni day to day with the varying 
atmospheric conditions* Emerald filader vrm most attractive in the 
l>rigJit sunlight^ In tlio gray light of early morning, the shadows of 
aiinsetf or when snow' and fog were sweeping over the range, giving 
only now and then a glimpse of the ice ami dilfs. The light-coloml 
morjtincs on eillmr side of its foot wiu! ttm dark rocks afforded a 
heautiful setting for the ice^ and across the Yoho Puss tlie difl of 
Mount ’VVivpta ^^trunl in Ixjlil relief, with a steep slope of broken rwk 
on the we^4j and a huge bank of snow on the eastern side o£ its sonth 
ridge. 

Our camp at Ijike OTTara (7,000 feet) (pL 0) wus in a fieautiful 
moimtain meadow at Che foijt of Blount SchafFer, where the miirpfug 
and ev-ening ’idews of tlie surmiiiiJiug mountains were often s^jcrb* 
Snow squull^^ ore not infrequent on iUe higher sunimita, aniUHi duly 
17 snow fell at the camp nearly all day* Xb seen from ltpIoimj of 
Mount Otlaray* Lp[ike OTIara rests like an emendd in a 1h>w 1 of 
mountains^ reflectiug the glaciers of Mtmnts Lefroy and Hitngnlwe, 

c'AMBntAN 

My first study of a great sectioti of PuIc^jkoic rocks of the westem 
eidc of Jforth Amerku was thut of the Eureka mining lli^d^ict of 
Nevada." Thiis was followed by the section of the Grand Ctinyon of 


^Cniatarlii t-or Cmni) vu Itm tmdrQt tutUErc lor WeIHp 
1 Uaao^pb S, fL ClffoL tarrsj, 
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Ui0 Colorado River, lii this section the Cambriiin stmta 

extend down to the horizcun of the centi^l portion of the I^Liddle 
CambrjjujT (Acadinn) where the Cmnbrian unconforninbJj on 
the pre-Cnoibi-ian fonnntions.* 

The object of my prelhiimary cor relations of the sc^^rol sections 
studied,, wfts to show' in n hro«d way the interrelutioas of the fitratn 
nnd faunas in the XorOi American Cordillemn area west of tlic great 
continental Innd area of Lower and much of Afiddle Cambrian time* 

In the coo rue of my ttiidit^ part icolarlY in recent yenrs^ data have 
aliio <!ome to light which help ns nmre fieffnitely to outline the bouii' 
dories pf the three great marine inenruiuns of Cambrian time. There 
are also presented to us new^ conceptions of geolpgiL*iil cc^nditions in 
that period und mrpro acenmto inf or million indicating the protiable 
soiiixvsof the Cambrirm fauna of tlie Cordillcran ai-ou* 

The change in the species from tlie Ltiwcr to iKiC iildle Cambritm 
fauna is very great/ Of 17 species of bracliiojKKlg in the Lower 
Cambrian^ six arc foimil in the ALiddle Cambrian, Among the Irila- 
hites tlie disappciaranee of the ^le^aacidte^ is tlie musi marked 
change-p 8omc of the species of the Conocephalidn^ nia}^ have cmi- 
tiiiued on into tiie Middle Camlirian, but the study of this and other 
crustaceans of the Cambrian time has not yet iidvimccd so that aiiy 
reliable data arc available* 

Most of the genexu of tlie T,^iwer Cambrian pu^ up into the ^Liddlc 
Cambrimit and this leads to the thought that the interruption, thuugli 
iin|KirtanL and of eonsiderahlc diirutiorij was nut of a degree coin- 
pumble with the unconformity iniMctliatcly preceding the pre-Cani- 
hriaii revolution, nor like the great faiinal chnnge that came at the 
close of Camlirion tiiue, althoiigli the later diastrophie iimvenient 
upjjeans to have been relatively insigniheant on the western side of 
the continent. 

After the dose of iiiddle Cambrian time the waters of the PiiclCc^ 
the Unl^of ilexico, and the Atlantic began to rise and to flood hinds 
tliLkt had%ot known the presence of marine w'aler^ since fur liack in 
tlie Prcdortyoic and may be since Archeozoic timc^ Tlie margin of 
this area as fiir wesiwanl as the present position of the main 
range of the W'asatch Mountains in the vicinity of Salt Luke. Utah^ 
from this iKuiit the shore-line trended gradnally south-^utliwe^ to 
B<alt^lw■e^^terll Utah* 

Aba. U. GiwL UnrYf^^ UHOI* p[i. [>0O--'rr4 : Tbe fbuoii pf 

CAmbrtaa lyr OnwfUvx iddb. 

{^mltlLtusnlan JiIiBt, Cnl^ tvl. oxt. A, lOOf^ jk, CaiQhH-ffn KKtlDni at tt^r Corilll> 

ti^ran mrea. 

^ Bris A PivTlnia nt^nr. 241 #*r., vdI SO, IBS$. ppL < 137 — 4412 . 

«Tlie CniDbTfui uri IIa rrobleinii* Tat* Ufilf. i*i™* la PTohJmif of AjaerliM»a 

imS, p. 10(2. 

pp. IPfl-lflO, 

* plat* I-I4 Ui% tr t'iwiibrlna mcobilub lacla^ IhU pMipeT. 
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AtteiitioD ifi called to the close relationship between the great Cam¬ 
brian section of the of Shantung, China^ mid the C^rdil- 

leran sections of North America* The thickness of the strata is 
much iess, but tbij gfcnernl character and strati gniphic succession of 
the Caniiiriao faunas is very much the same* This refatiouship is 
further verificil by the ossoiiLiatJOii 4if geiiHiii ntii.1 soecies as shown by 
uij subsequent stinlj of the Cambrian faimas of China. 

THE CAAIBitLVN TAUXAS OF CHJXA,^ 

Wljcu looking over the descriptions of China by Boi'oei rerdiiiand 
von Itiththofeti * and their containcfl Gambriau fossila describ€fd by 
Dr_ W, Dames ^ from Liautting^ and Dr. EmanneL Kayser,* I was 
impressed with the uec^ity of having the stratigraphic sections 
studied in detail, and extensive collections of fossils inadet in order 
that comparisoiia of value might lie instituted bi,'!twi‘un the Cmiibriun 
sections tind faunas of the weaitem portion of North America and the 
Paleozoic ions and their contained faunas in eastern AHia. Tliis 
project was held in abeyance 18 years, until In 190T an e.x|KdkiDn 
was sent by the Carnegie Institution of W'ashingtoUy under tlie 
charge of Dr. Bailey Willis and his s^ociate geologist, Mr, Eliot 
Blackwelder, I'esulting in the aeqnlsitibii of large and inters ting 
collections, of which I have mndo a careful study, comparing theni 
with other collections from abroad* which T also had the opjmrtunity 
to examine. 

Tlic chief results obtained from the study of the Chines eoilcc- 
tiutis were the discovery of fmrtions of the upper part of the Lower 
Cambrian fauna and a great development of a Middle Camhiian 
fauna of the same general character as that of the Cordlllenin 
province of western North America; ako im CTpiicr Cjimbritm fauna 
comparable with that of the Cordilleran province and the upjier 
Mississippi province of the Umled States. The fauna of the upjjer 
Kone of ttie Lower Cambrian was found to be of iho same general 
type as that of the Cumbrian fauna of the Salt Range of India, and 
W'O wem thus enabled definitely to locate the faimal horizons in 
India which had been referred to Upper Cambrum and post- 
Cambrian format]azis* 

^Vnotlier important discovery was that of Uie occurrence in the 
Aliddle Cambrian of China of a fauna comparable w ith that of the 
Middle Cambriim of Mount Stephen, British Columbia (pp. 2Id* 
247), and the southerti exten^on of die same fauna in the Middle 
Cambrian of Idolm, Utah, and Nevada in the United States* 

1 a^Hcilncti in etJuA, CmrucgAm laiC WulLiafton, ruls, Na SL 1010, WaJeotti Tht 
CambrlAn FAimaa oE Cbin*, 

■CUliA, J^, TuC 2. 

■IdA‘m, iRfla, ynL -I, pp. 

^IdciEL, pp, 34 -^ 0 , 
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There Ib miieh still to he learned by larger and more systemutic 
colieetiGita In the CambrirLii of China* * and the future stiutcDt of tli^s 
(.•iLDibrjEiii system in Aain Bhoiih] also consitlep rarefully thu ^^iljeriati 
CiiUihi’ian. The field ia 4 large oiiei and what we now know of it in¬ 
dicates 4 rieli reward to the imljviilual who takes tlie time to thor- 
oiiglily work out the fonnatmna and their t^ontaincH:! fatiniia. 

THE HHDDLF: CAAlJinJAN qUAlEkV OF iUOTlSFi 

COLUMBIA. 

Mature hns a habit of placing some of her most attractive treas¬ 
ures in places where it is difKcnlt to locate and obLain them* Jfearly 
iM) 3 cars ago rumors Came of a wonderful find of glaciere, forests, 
inouiiiiiiii peaks, Jakes, and fossil Iteds along the line of the rugged 
)jat 44 through whieh the Canadian Patifie Kiiilwny was building/ 
hilt it wiif; only during the paid: four or live yeanSj while making 
researrhes in the Catiadian Rockti? 3 , that it was my gmd foi'tiine to 
dbenver highly organized imirino fossils deep in the ilidilk Cum¬ 
brian fnriiiaiion. In tJiese the minutest details of the hdernid struc¬ 
ture are wonderfully preserved and reveal a great deal n{it Ijofore 
knuwn of the life Iiist<>ry of that poriud- 

To secure as complete a ^ries of the fo^Us os possible work has 
lieen contijiiicil for several seasons* The great fosail tpmrry m 3,000 
feet above Field and 8,000 ft 4 ?t above ssea level on the south 
flank of Wapta. The conditions were siidi that in order tn 

reach the dni^st foi^ils it was necessary' to blast tlie iSolid l>edi! out to 
a depth of 22 feet (pi- 8 )- 

llfist of ihe Camlwian rock.^ of this quarry section were dcpi^fUed 
in waters teeming with marine in vertebrate life*^ As far as no^v 
knowiu this was before the dtij* of fish or of any other vertebrute 
aiuniuli no land plants ore known to have exkted then, and even 
luaritie vegetable life, wtcept in the low'est fornis^ wuis unrepresanUnL 
Other anlmuK however, lived in great profusion, luid hero and 
Uiere couditinns vvere so favorable fur tlicir burial in the mud and 
sand of the Cumlirian sea diat they were imbedded unbroken, and 
throughout all tho pivxjesfw.'s of rock makiiig anil mountain hiiDding 
they hitvu escaped destruction (pL 0 )* 

One of the^ favonihle places was at the qiiaiTj% where the most 
readily destroyed organisms, like the jellyfish (pb 11 , figs, 1 , 2 ), 
have been esquidtely preserved; and wc have crustaceans of numer¬ 
ous varieties (pls- 0 , 10 , 15 ), mmiy of which preserve the mosl 
delicate branchia and appendages. One can hardly reailiKe that these 
were buHe<l in the mud 15,0003000 to 20 , 000*000 years or more ago 
and have remained undisturbed while reveiiil miles of thickness of 


^ WalrotL A i3i?Dt<s|pUil> F^ArAdbi^, Nat- Maj.^ Jhcm*, ltHU 

* IdflELt 
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st'diiueiit 'n'une dcprtstttrd fiver tlicm, chun^'fj inlu roeft, devatixl into 
tiimintain mnsaes, and later oroded to fom tbe prcfscnt moimtuins 
nnd canyons. 

W« Imi-e lon^ consideml tlmt the trilobite (pi. ft) wiw llie mfist 
highly develiipcd unimul in tViulirian time, Imt a few ptimoii rs agii' 
ii cnisUiwJirj u«ji found by the mithui-'H soil, Sidney, in the greyt 
fossil bed, that urns the king of the unimul world in its diiy [ pi 10, 
infxpttrfttm). That it was pieptiml to o.^set( Sts riirlit xo 
the rontrol of the Cainbriau aea is siiown by the chiws witli whicli 
it ivus nmeil (pL 10). 

KVOLVTIOS Ol* EAI{I,¥ llAlilXK UFR 

Marine life, m already noted, begun in times long aiitedatinff onr 
oldest fosHiI re^rds, hut we are oUigefl to take up ibi study at the 
Uiginniiig of ( amlirlun time. Sevend groutis hmc lieen studied in 
n preliniiniiiy way, and from tliese certain deductions have l«e!i 
drawn. The Jii'st that 1 will jiwntioij is one of the nnwt tisilik-elv of 
amitiala to lx preserved in fine condition in llie fossil state. 

UlltllLK fAllllItJAX ntlUiTin itTAXf;.' 


Tluit tlie ti!sts or shells of trllutiites and iiicrostomiai should lie 
niuly presened in a nne-graiped, silitronrgillaceoiis I'Otk is rather 
to he exp«*ted, hut, with past ex)ioriciircs in nunJ, I was nut prt- 
psind to find entirt* iiohitlmriaiis. That tlioy are pmsent and show 
many details «f stnictiirc (pi. n) « most iiistruetbe anti liathifiK.*- 
tory, sinre their oeciirmice records for tiin first time, with the ex* 
reption of ssonia Si:atterefl calcareous spiciilc# and plates, the prws- 
enc^ tif this dn.ss td orgunkms in any geologic fonmiLion, Any 
cahaiTwmui matter that may hare been present in them wa.s prob 
ahj^' mnovtaj hy wilution while tlie animal wa.i in the luiiil and 
Iwfoie It liwiiiijQ fos^li««l. Tliat carhiinie add was present in thr 
mud and immediatidy adji/ming water fs siippatml hv the very 
IH'rf«:t state of pr^'rvation of tlic numerous and varied forms of 
life Theav c>ertuinly would have liecn destroyed by the worms »ncl 
prcilntor)' mistnceaim that were assmdated with them if the animnh 
that dropi>e<i to the liottora on tlio mud or that crawled or were 
drifted onto It had not at once been killed and preserved with little 
or no t^jomtJOsition or mechanical ilestruction. Tliis conclusion 

/Jf liTM in the f.KSiil nuarry 

(pb 81 iilwd h fiHjt in thickne®, and especially to tiie Iower\ feet 


* in 

> ^Iiidnuiaa uiw. Coll., ne. fi 7 , aos, - nod 
A bvlolbM¥iai] ttf-nuiHii lu a. ^^•^ucuinlipr or 
&lMlu*a. A jrll^QAE], 


3 . 
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CAMBliliLN 

I bad often searched the fine sktdes of tht pre-Cambrian and 
Cambrian btrata for retiiairia of acinelide^ but it was not until the 
^uiiiiiier of ID 14) tliat ajiytluni;' more than ti^ails and tK>rings were 
found. 

Tlie annelids of the TSiirgesis ^hale, like the holotliuriaiis and 
inv<lu.HK*^ nre pressed so flat that the worm is reprcsentecl by only a 
thin film. Foilunately this is darker thou the shale and usually 
fihinyT and the eontents of the animal are often |in?eerved as a glis¬ 
tening ail very surface^ even to the fine details of struetwre. How 
clearly tlie specimens exhibit both external and internal diamctere 
is shown by the plate figures (pL 1^), which urn i^produoed from 
photogniphs made by tiefteirUHl light. 

RELATIONS TO LlTlXO ANNEUt3«4, 

Tile discovery’ of Cliis remarkable group of annelids in the Burgess 
shale meinher of the Stephen formation opened up a new point of 
idew on the development of the iVnnulata. The fact tliut from one 
very limited locality there were collected 11 genera belonging 
to widely separored families points clearly to the conclusion that 
the fundamental characters of all the classes liad been developed 
prior to Middle Cambrian time. 

CAMHRIAN EieACiriOPODA* 

The chief characters of the Cambrian brachiopoil are iUiistmted 
on plate IS, It may !>e studied in three —hiatorically, geologi- 

callVi and i^oologically. 

The conditions in w^hich the Cambrian bmcliiopods ore found 
indicate that some of them were gregurious in habit, and that umiiy 
iwrsisted through marked changes of environment and ^imenta- 
tion. One siieciest’ for instance, ia found in sandstone^ riliceous 
and argilliiceoiLs shale, and limeKtone. It has u wide di^ribution in 
the Cordilleran province of western North America and has a vertb 
cal range in the kyers of rock of 2,000 feet or more. Other forms, 
such tis ha^denty are known only from one locality nnd 

one layer of rock. A large number of s[wcics occur in S 4 indstan 0 
and shales tliat are e^dently of shaUow-water origin; others occur 
in limestones that were probably deposited in relatively deep water. 
The evidence indicates that their habitat largely ranged from be¬ 
tween tides to a depth nf hOOO to 2,000 fecL Soiiie forms may iiavc 

^ UI[ltU4> C^mbrLin AjuntlAtiHH SmltlmnlKO IIIpc. toI, tL<o> Ian. A-naelld, 

fnm aJiiltotj rlDjt: apfiUAd la wuraui, 

■ JUifb^r. fin l\ Si OiTul. C mUu, laiSL 

fKiiiftMN WulKill^ 
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had a greater bathymetric range, but the evidence in favor of such 
a ninge is not known to me. A table of the aperies in tiie monograph 
showed that with few e^cccptiom each of the species is confined to 
ono type of sediment. 

3ifore than 500 sTJeries and varieties of Cambrian brachlopods were 
studied and between 40 and 50 of Qrdn^'^cia^. Of the Cambrian 
forms j 10 genera, 2 siibgeneni, 21 species, and 1 variety jicrsisted 
inlo the Ordovician. 

Approximately 1^050 difierent localities bearing brachiopods were 
examined, and the same genera were found often to exist in w^idely 
separated regions, as, for example, a clear relationship w'os sliown 
betw'een braclilojwlB from the Scandinavian Peninsula and tbo^ of 
e^istem Canadian locidities, wblla in many other [tisiaiices those of 
the western Cordilleran sregion of A^orth jtmorica were related to 
tliose from China. 


^rirm^tvpic HTHurnrRE. 

One important deduction from niicroscopic examination of tho 
shells w'pLS the diflercntiatioti of certain genera and speciea from iho 
Cambrian and Ordovician hitherto cla^d together,* the micro^eopie 
sliell structiir© of one liehig of granular material pierced by small 
ponies, and in the other of fibrous material. On the other hand, the 
mim-oscopie structure of two other orders^ In question h so similar 
that an unbroken line of descent is indicated. 

We do not know of any brachiopods in strata older than that con¬ 
taining Lower Cambrian fauna. Yet when the advanced stage of 
devetopment of some of the earliest-known forms is considered it 
seenis almost certain that such existed far back in prc^Cambrmn time. 

TFraonETiCAL evoli;t[on of cAJinrtiAX ckustacea from the 

BK,VNCHTOI*OI>A,* 

The Cojubnan crustaceim fauim nuggeifte that five mitSti lines nr 
etems (Brnnchiopodii, Mnlncnstmca, OrtractjiJa, TnlobiU, and Mem- 
stouiuta) vreit td existence at the beginnmg of Cambrian time, and 
tilt of tliem had already had their inception in Ltpallati time or the 
period of pre-Caaihriaii marine sedimentation, of wliicb no known 
part is present on the exialirg continents. Examples of some of tlieso 
forms are sliown in plates D, 10 , 14 , and IT. 

In the accompanying diagram (p.SSO) the attempt m made to show 
the relations of Cambrian cruutawans to n theoretical ancestral stock. 

1-ClmhriiD Ud On}aT$diw FtcitiTiEiati., 

■Ci^mbUjia likd iMt^r PEiitwp^rKtiviM 

« WilHitt: Middle Cdmbiiflif MftloNBlrurik. Traobllil^ aail IfmiffluWllJI 

StaltlLiAfi.(d£L IllMt. CulL, r&t <*T, Hu. 0, 1D12, 
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wliieh t 0 r convenietice is fsiminU^ti witli ih^ ApodM^K. From this 
sstuck it is a^uui-cd that tte Brancbiopodu isuim, ujid from the 
BranchiojKHlsi stock thrte distinct hrund^es wem (1eveIof>ed prior to 
or during Cambrian time. Of tiiese the one of interest it% 

the jiresent coimectloii k that on the right of the lUttgraiiL In this 

E)iiT^ri 4 « descent it is assiimed 

that the TriJobita aro di- 
twtJy de&cendent from the 
Bninchiopoda, and forms 
grouped under the order 
Aglasi>ma are derived from 
the Trilobita. ITie order 
LlEnidava is considered as 
being intermevllate between 
Aglaspina and the Euryp- 
terida^ aiij tJiat the two 
orders LJjnnlava and 
Aglaspina sen e to connect 
tile Trilobita and the En- 
rypterida* 

^ ^ _ Tlie tine of dest^ent of 

rju. C-^TbiKintbnl rrtilcillciQ uf CambrlnJi Crmtxm. Irutti «[ " * . i 

various gimtTa of the 
Mesonacidit! of the F^o^ver 
CaJubrian scries* k Indicated on plate 14^ from figiiris 1 to Ih tts 
slated ill the description of the plate.* 

&l]r>D£.E OUiBllIA^i <?iitJSTxlCExlN'S/ 

Examples of a few otliers nf the At id die Cumbriiini rriistaoeaafi 
found nt the grent (|u«»Ty art; JlJustniteil on pbte 13. 

I>THOOVEnV OF ANtJTETEEt aUJBIIlA.V PACNA IN THR CA;^ADT\^‘ 

ROCKIES. 

^ During the huninuir uf IBll u BmlthsoiiiaQ expeditioiti In eoopera' 
tioii with Hr. Arthur O. IV'liecler, of the Aipinc Chib of Cimaila, 
vifiitetl tlie Robson Penk district,* hly son Diaries, who aocom- 
pMied tliu Jinrty, bruiiijht back a few Caoihrmn fesssUs pickwl up 
wink Iiunting and told mu that ridgo after ridge enciitled the great 
Robson Peak with rocky layers, all aloping back toward tmd under 
the mountam. Tills suggested an opportunity to study imother 

’**" ”• • 

Cjunbrlaa ita,- pi. U. 

4,^'a«ith»,iaa alia C6U^ tA 

^Rmlftiaoblmi )fl>E, f^tl,, toI, Bt, Ho. B. HU», 

' WiJcptij tn. iiaq«r«i> uf tb. r«aai.» n«kn^ k»i, u^ut u.^,. u,,. ,0,^ 
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great secLitm of the C^inibrinn of £li(? RcM^ldea 500 miles (ftSSJ 
kilumeteiTi) northwesi. of the Biirgieai Psl^ sactkm mfia- Fieldt 
Cu]iiULlji% nod tlui foUo'w. iog seitson ai^Nindiiiglj" found mo 
cigiim exploring new localities In the midj^ of mngnibceat 

scenery. 

Eob^uru the most majestic peak of the Caimdiaa Ituckies (pi. 1)^ 
sitUEited imtthwtst of the Yellowbead Poss^ through Tvhich Uie 
(irond Trunt Piiclfic and the Caimtliaii Sortheni Railwiiy have Ijeoii 
building their lines to coutiect tlie great interior pialns end griuiaiy 
of Cunudn wjUi the l^acific coast. Known trnpp^rs of ibe Ilutbion 
Biiy Co, liiid a few bnrdy e:!fplon?r^ wluj have iH'rictmted the region 
in seureb of w priicticttble trail to the Pflcific^ it bas imtil now re¬ 
mained to tlie resn. of the world almost an imdh^vored exjuntry, 

NOMENCLilTlJRK, 

Although not an original exiilurcr of the Itulison Peak districl it 
fell to my lui to be the to study the geologic ^ 5 ect^on, and in this 
conneelioti it was neoe^ry to apply adUitionMl names in order to 
properI 3 " iomte^ describe^ and niwiie the geologic formatiniLEu 
In this r^on of ancient Indian association it seemc^d lo me 
especial I j fitting that some appropriate Indian teruia shonid 1>e 
nsed in order to prs^serve from total ohliviun :i curious language 
typical of n pictiiresque oiid fast* disappearing penuple. With the 
help of the Bureau of Ameriean Ethnologj^ of the Smitlisonian 
Institution I ]jreparei:l a list of such name^ of which Uie following 
are examples* 

Titlcuna^ (bird) Peak, 
lyatunga * (black rtwk) Itfriiintain. 
linnga (chief) Glacier 
Hihunn (mvl) Kjveiv 
Chupo (fogs mist) Glacier, 

Tomjh oiiH^ovEjrrBfl* 

Chupo, the glacier of fug and mists h usually half concealed by 
clouds aud banks of mbit that form on tbe edge of the mountain 
Sind drift over it. This glacier proved of great Intereet and aerviee 
to ns in oiir geologic work. On Its surface bleaks of rock from 
high up on Oia peak were curried down to the great momino at its 
foot, and in tJitisc bloeki I found the eviiJeni*e tluit proved the upper 
third of the mountain to be of po$t-Cainbrian age by the presentxi 
iii the limestone of marine ^elk and fragments of cnibliko amtnals 
that lived is soKiuIlei) Ordovician time- 
The beautiful Ilunga Glacier is literally a flowing river of ice. 
At its left Titkana (bird) Peak riasi as a black lime^uno insiss' that 


1 Approval hy ii4Hicfipatc B»ni of coiwdk, rH'nmbcr. t^iz. 
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wilii lyaUingB fbluck rock) Mountuln forms the nii^lity portola of 
the gre:it glacier. 

Dnv after day wo passed between these jjortaJa and climbed over 
the crevasfcd and buinjiiocky ice in order to trace tho coimcction of 
the nftcky section of 1’itkaiia Peak with that of Robson (ph ifi). 
Thanks to the fine fossil fauna foand in Billings Butte and the 
slope of the layers of ivn^k a satisfautoTT ** tie” was made iicro.'* the 
glacier to the limeslonica of Robson. 

The work was trying and tedioua, hut nature kindly assisted hy 
bringing down long trains of bctw'lders on the ice of the glacier. 
Kroiji these was reveakd tho skoty concealed in Hie cliffs far above, 
and thus wc learned the history of the rocks connecteii w ith those of 
the more a<-«aiiihle dilfe on the opposite side of the glacier. 

The ge<)logic story of this enchanting region is too long and com¬ 
plicated to be relatcfi Iioie. Silifice it that I found over 13,00(1 feet in 
thickness of Cambrian bftls capped by 3,000 feet or more of Ordo¬ 
vician strata fiigli up on Hobson Peak. 

A new fossil fiml was made by chance. Jfr. Ilarrv* Blagden and 
I were sitting on a huge block of rock at the lower end of Mural 
Glacier, munching onr cold luiuhcon, when I happeni>a to notice a 
block of black, shaly ruck lying on the iec- Wishing to warm up. 
fur the mist drifting over the ice was cold and wet, I crossed to the 
block and split it open. On the parting there were several entire 
tlilohites belonging to new species of u new giibfatma of the Lower 
Cambrian fauna (pi. IT). 

Tliere were also i»me fine marina shdls of a kind that occure in 
the Isjwer Cambrian rocks west of Pctrograii, Russia. We found 
the bwl from which tills block had come by rnrefuUv tracing frog- 
ments o f the diale scattered on the up ward-sloping inirface of the ire 
to a diif 2 miles (3.2 kilometci-s) up the glacier at the foot of 
Mtimm Peak, wbkii is a high point (3,740 f«t=2,0CS meters) di¬ 
rectly north of Robson Peak. The fossil locality is high up, where 
ram, fog, and snow wiiislls may bo expected nearly every day of the 
year. Working until late in the afternoon, we carried all of the 
rock we could pncJi over tlie ghicier and dawn through the cliffs to 
the vttllpy of the Rivets 

One of our hoi^ had taken leove on his own account, so we 
loaded faithful Billy with the rock spccinicna, two rifles, two shot¬ 
guns, a camera, and our raincoats and plodded orer the muddy trails, 
forded two i^-cold rivere, and “ dropped ” in at camp three houre 
afer dark. At the last ford the powerful animal carried iia both and 
all our tmpodimeiita through the broad, rushing glacial stream. 

If any readers wbh to visit Robson Peak they can readily do so 
by ^ing to Edmonton and theuce by railroad to Mount Robson 
.Sbtion, which is in sight of Robson Penk. The Alpine Club of 
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Caiiadn hats recently held its stinimsr camp on the shores of Berg 
Lake, and soon tliis wonderland will be open to tdl who love the 
mountains end outdoor life. 

Some of the foasil tritoliih^ of this region aie illustrated on plate 
17 {pUneUna trvfmani Walcott, figs* 2-10),' and may be correlated 
with another similar species (pL 14, fig. 0, Olendta* IhQmpsotd 
(Hall)) from a Lower Cambrian shale in Pennsylvania and other 
xVppahichiiin localities. Often the discovery of these correlations 
proves of great importance in the assignment of strata to their proper 
forniatlons, and it has freiincntly been of great sen-ice In prospecting 
and exploiting mining districts in the West and elsewhere. A fault 
or break in the stnitii is sometimes detected only by this moans. 

UPPUa CAMBRIAN' FAU>A OF TIll-J lltRSiaSIPPl VALLKV. 

The importance of the db>tributioa of u single futnily or genus in 
iletermining the stratigraphic {Msition and succftssian of layers is 
alimvn in n recent study of the Dikclocephalinai' {pi. 18). 

It had been evident for sex-ernl yeai-s tbnt the various Canibrian 
foririntiana of the Upi>er hfississippi Valley, which had been re¬ 
ferred first to one formation {Potsdam) und then to another {8t. 
Croix sandstones), needed careful reviaon in relation to their 
stratigraphic position and EuccL-ision. This was accompltshed 
throngii tlie study of iho distribution of the I>ikfloct;ph(tIu8* fauna 
in this wide region, and its correlation with related genera and 
species elsewhere. 


TIIE SARDINIAN CAStnitlAN ORNPB (iLHJiorstH: IN .UIKKlCA.’ 


An example of the significuiirc of distribution in showing unsus¬ 
pected relationship of widely sepuruterl faunas, and consequently a 
bond between the marine bwiies of water which covered the land 
at an early nge, Ls found in the study of the geographic diEtribution 
of a remarkable trilobitc. Until llie publication of the report in 
Ii>l2 the presence of the genus Oletiop/ti^ in ,\merica hud not been 
onnoimced, although a number of the cranidia of species referred 
to the related Ptyeh^paria. were very much like the cranidia of 
Otenapsix^ 

Tlio t3'i>e species, Ohnopsis soppily occurs on the island of Sar¬ 
dinia at Canal Grande and vicinity, Iriveatigation in North America 


‘ns. 1 1hl9 plHl« a rvistn) WCloi;. Sirltiifa f mdrn- Wsicott fraiB thE 

Lnwrr iTmnhrUn ittim]*', fniltTinfl. Countj, TfeieuijIvkiiIii. 

nikrfoMpAqtii aiut dtirr feutOi at Mb IHlelowplMll In*. SninuoiiUk) MIpk. 
TUI, 5 Ti n-o. tg., 19 l-i, 


^ uf tto Talrr (fpHrl t'amhlitb iwis. 

41 wnlliicfc or 

THIa triluhlli- ha* Well bj flt t, jjl. 18. 

Wfttcotl,. Bmltbacifii ah AtUc. C&IL^ roL &7, hu, 8, iw-f? 
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dific]o£6<l Ohin&p$ii rodtlifi or ilio osstoi^ sids of tltc continentj nviir 
Luncasttri in the cctilriJ pan of PcnnsyU'Riiin; on tins western side 
of Uic continent OU-Mptit amerimnu* in the nortliern central part of 
Idoritanu, mid Ohnopgi* f affnatensig on the line of the Continental 
l>iyide, near the Canadian PaciBc Enilway, in hdli Allwrta and 
■British Coliiiobia. It is <]uite probable that if entire spccimemt of 
a niuubcr of species now tepresented by cranidia aiid referred to 
the ^entis Ptychopartit were availabio for study other spetdes of 
Otemptia would be found at approximately the same Etratigraphie 
horixoti. 

AX ELtJtLV DiscoVKllT BY TDK ATTHOB, 


Another instance of fectlliiig a dispiitcii horizon ' recalls a jht- 
sonal experience. In a sniiill drift bloiJc nf aindstono which I foim j 
in 1S«7 fill the road from IVenton to Trenton Kalla, Oneida Comity, 
I ., tliere is an iinusiiul niiparent n^Siociation of Upper C’lmi- 
hrian {Hoyt limestone) and Ordovician (Aylmer sandstone, CJiazy) 
fossils. The Hoyt liuicstone speciea Jirv PtpcAfupk gperiosiu^ uiid 
-'Iyr««/ojf cl aaratagemh. The Aylmer sandstone species are Zeper, 
dkta arnuila and BtiiAgurm cl attgdJim Billingu, 

When as a boy I foojid the rounder! block of sandstone referred 
to I broke out all tlie fiitsils ixussiblc, as at tloj time I was well 
aiqiiuiutcil with the Tri'iiUm limestone fauna, and the fossils in the 
block wei-e straii^rs to me, with the exception of Up€rditia tirmafa. 
The following winter I endenvom] to locate the stratigraphic posi- 
titm of the Irilohites, hut could not, further than that tliey were 
evidently of pre Trenton ng^. Tliis study aroused an interest in 
tha j\jneri(an curly Paleozoic fossils Hint gradiioJly led mo to take 
up file Canihrian rocks mid faunas as my special field of roseardi. 

Tlie block nf samistono I had found was about 3 inches in thickness 
by li? in diameter. Tlic impact of iho wheel of the wagon in tvhich 
I was riding split the hluck open and exposed several eranidia of 
the trilobitc now known as PfycAowp/* apaeiofiif. Neither this nor 
.iffTOwfM cl A^raiogenma occurred in direct association with the 
I hjizy Leperdilm iinti 

In explaiiiiiig iJiis oonnrotion I have recently been led to adopt a 
stig^stion of Dr. E. O. Ulrich that the block of sandstone was part 
of u hftl formiHl by the overlap of the Aylmer sandstone of the ChnzT 
on « layer of Potsdam sandstoiie. This would make the line nf 
dema|vution between the Cambriau and Ordovician deposits within 
the block of sandstone that I found. Witlj this view b mind, the 
Hoy Ijmestono species have now been referred by me to tho Upper 
t.ambrinn and the Aylmer sandstone species to the Ordovician. 

* W.lcott; .\nr Yoifc PoiMtam-lfo,! tiDaii. BmllI umIhd BIk. CU, 37, Na &, itnt 
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Plate 16. 
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t'AllBilOORDOVlCLiN BOUXDMtV tVKST OP CO.NTINBXCTAL DIVIDE,* 

As tt third isstiince of siuulnr kind, tlie discovciy of fairly well- 
ohsimeU'i'Txcd specitncns of tlio trilobiUc guniis Car^t^pygt a^^ocinttni 
with bruL-hiopods of the same general type os those found io the 
iiliale of Suwlcn is most important, ns it gives the first 
<lefinit4j siJggcstioQ of n base for the Ordovician in the section along 
iho Camulinn Pacific Pnilway \%tst of the Continental Divide. In 
t'Wedeii tlie Veratoppffe shale and limestune are now by general 
afsent placed at the base of the Ordovician, and witli otir knowledge 
of Ui« stnitigrniiby of tlie tipiier portion as detcmiined by \(r. Allan ’ 

I am inclined to agi-ee willi him in plariiig, at least tenttitivcly, the 
Imimdary between the Cambrian and the Ordovician at the siinimit 
of iJie Ottertaii limcsCotie mid the liasiei of the (ioodsir foriiiatioii. 

T ho broad ijiiesUon of the Caiiibru-Ordnvieinn bmindai'v in other 
sectiomr of Xorlli America is one that is atlll in proce^is of adjust- 
itient, owing to tlie absence of detailed information ns to the boim- 
ihirics between formations and the character of the faunas in the 
formalinns. Investigations now in hand will throw new light on 
the reliitiims of the Appulachtan foiniutions and their invertebrate 
faunas.* 

rONCLUSION. 


The varied investientimis of the past few years have opened very 
iiitcreating problems which have lie<m bareiy tonehed upon in this 
brief review. 


How much earlier than the pre-Camlirimi and Algoiikinn faunas 
the study of primitive life may be extendeil will riepend veiy largely 
rtpon the discovciy and study of now imknowti fossil faunas and 
flonis. All of this eomparative study requires a world-wide actii ity 
in the fields of geology and piileontologA. 11,at adence is universal 
IS shown by a recent incident. Tlie w riter lately reeeived a ft ientifie 
pamplilH from a European pnTcontuJoglst, with the request that it 
Iw forwardetl to a fellow paleontologist in a country with which his 
nation was at w'ar, and there wos no eommunication lietween the two. 
The friend replied, tlirongh the intemiediary. oeknowledging i^ 
receipt and asking that his thanks and kind wishes be conveyed to 
tlie sender. 

Stmlent-s and investigators everywhere are invited to cooperate 
with the Writer in his studies of the evidences of primitive life, and 
III hm effort to correkte ell procurable data on t!ic subject and make 
them available for study and research by all those interested in tlic^e 
fascinating problems. 


^ B^ibsootan Colt., VDi. ST. to. 7 . mia. 

"!’? Ml ‘ *'^/!*’'**^ Dl»»n<«, nraiob Culambli. OtoL Sor^o^ I>r Sum, 

rT" ^ ‘****^ 1*“'* pp- I35-1+I. 

SmitiuunjiiD IHIK. Coil. tqU h, aa 5, loio, l ombrimi Triioblicm 
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THE PLACE OF FORESTRY AMOXO XATCRAr. 
SCIE^■CES.‘ 


lly llKMir S. Uiu^tja, 

Fifrftitr, V, K. DttxirlHU'ttt of Affrintllure, 


In an old fni^ magaziin!, Sylvan, la tt etory iiboiit Qei-iiuiny's 
great poet, Karl von Scliiller, Schiller, taking rest at Illiueiian, 
Thuriiigon, met by e)iani» a forester ivh<j was prepaj’itig n plan of 
management for the Illnieiiiiii Foiiest. A map of tlie forest was 
^read out. on wlii«dt the enttings for tho next 220 yciira were pro- 
jcctol anti noted with their year iiiuiilier. !ly ittj aide lay the [)lrni 
of mi ideal t'otiiferons f«>rest which was to have materialized in 
the year 2050. xVttentively and ijaiotly thy poet cojitemplatwl the 
telling Miearm of forest organkatlnn, and csiH'clBlly tim plajjs for 
far^distaTit years, lie quickly realized, after a eljort explanation, 
the object of the work, and gave vent to ids astouinliiDent: 

1 Itufl considcTtNt j'oa fof«fiera n very i.'uiiiiutio i)C.<i)rplu wlm il|i) Uttlu 
lhao cat dirtva tree« anil kill onaie, l»at j-uu iiri! tnr froia tiait. Vuii wuri, 
uiikiinvi o. tiiin:coiuja>n<cit, fwv frotii (he tymiuiy of ejiotlum, uiKi tlie fruit of 
yiwr iiulet work ripens ftir „ late [wstertty. ncm aial poi-l littiiln vulit Blory: 
1 wQnld like tu tw a furesler. 


All dpiltipii nut iinliki^ Uial hf^Jd by Scliilh!r T>ofor^ iH(?etin|i with 
the forester still wmniojiiy prevails in scientiRc eirclca in this 
wtiintry. It is quite generally believed that foresters are pure 
empiricists; something on the order of ganlenera who ]jlant trees, 
of range riders who Bght forest tires, or lumbennen who cruise 
timber, carry on logging operations or maim fact ure Ininbor aud 
other forest products; that for whatever little knowiedfie of a 
sjientiKc. character the forester may need (n his work, he depends on 
esi>crts in odier brandies of science; on the botanists fw the tax- 
onoiiiy of the trees; on physicLitH, chemists, and engiuvci-g for liie 
proper understatuling of the physical, chemical, and medianiail 
prn|X‘rties of the wood; on the geologists and soil physicist for the 
knowledge of sites suitable for the growth of different kinds of 
tiw.; (qion the plant pathologist for the diseases of trees; upon 
the entomologist for the insect enemies of the forest, and so on. 


(hD WanlijBStiiD Arnlrtnr u( Sckoim nti Dix, a. lan. arnfEnted 

loTr* ““ vvax-hiaatca cf 

tS818'—su 1813-n 
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SucL ail itiipFcanon is imdoubtedljl' strengthened when the &o- 
tivities of sacli uti organization os the Forest Sonicc are considefcd. 
The placing under nnuiagieinent of about 165^000,000 acres of forest 
liuid Jias iieen an adminbdrative problem of enorntnim magnitude. 
The administration of this vast public property involves many large 
industrial and economic questions, and affects intimately a numljer 
fif varied and important interests; the lumber industry, the grazing 
industry, water-power development, naWgation, municipal water 
supplies, agricultural settlement, mining development, and the rail- 
reuids. In Inimching this great public enterprise, imdcrtakeii in tiie 
face of strong opposition, administrative activities np{>earcd to 
overshadow research vvcifk. In this way dnuhtles^ many scientillc 
men have gained tlie impression that forestrj' has Utile to do with 
science, wJiieh seeks for the tinnsal relationship of tbiiiga and for 
the cstohlbhmeiit of laws and principles; that forestry is rather a 
pa tell w ork of miscellaneoTis knoir ledge borro wed fi-om otlier sciences 
and assembled without particular system to help the practical ad- 
miiii-stnitor qf fonst property. 

Sfy endeavor in this paper will Ijo to show that this imprtssion 
is erroneous. Wliilu it is true tliat forestry as an art. ns an applied 
science, utilizes results furnished by tlie’natural and engiuOTring 
sciences: while it is also true tliat the foresters activities, particu¬ 
larly during the pkmeer pet^^K3 of cstnhlishiiig forest practice, may 
be largely administrative in character, there is neverthelc&s u funda¬ 
mental forest science which has a distmetive place. As wuth all 
others, the science of fonstrj' owes its distinctive character to its 
correlation, from a caiiuin point of view, of parts of oortain otiior 
sciences, such ns mathemotics, hotanv, entomology, civil engineering, 
and chemislTj. Rut these are only' auxiliary to the resultant sci¬ 
ence—^forestry—^irldch rests upon a knowledge of the life of the 
foro.st as such, and which, therefore, depends ujmn the discovery 
of laws goi'eming the forest’s growth and development. 

It is in this ficitl eh icily that foresters may claim some scientilic 
achievement, some conlributtojj to general science. Sciences do not 
develop out of curiosity; they appear ffrst of nil Iwransc there nre 
practical problems that need to he solved, and only later l>ec<jine an 
aim in themsclvra. I'hui has been eejually true of the seienre of 
forestry, TJie object of forestry us an art Is to proiluco timber of 
high technical quality. In purauing this oliject the forester very 
early obfieiwcel tlmt tall, cylindrical timlicr, comparatively free of 
kn<its. is prwluccd only in dense stands, in foresta in which the trees 
exert an iidlncncc upon each other as well as njwn the soil and cU- 
matc of the area occupied by them. He further diEcovei;e<1 that the 
somal enmrunment produced by trees in a forest is an absoliitelv 
essential condition for the continuous natural existence of the fore^ 
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itself. Tf the fore4?U'r hnd not found forests in nature, he would 
have hsd to create forests artificially in order to accomplish hb praiv 
tical purpose, since it is only through the oontroJ imd re^ilotion of 
llie natural struggle for eicistcnce between trees in the forest that the 
forester is capable of miuiapng it for tlie practical needs of man. 
Thus from the very nature of his dealings with the forest the forester 
was forced from the beginning to consider the forest not merely ns an 
uggregotion of individual trees but as communities of tr oro tree 
societies—and first, from purely utUitarlaa ivasons, developed a 
science upon which the practice of silriculture now rests. 

Forestry as a natural science, therefore^ deals with tin.' forest os a 
community in which the individual trees influence one aiiotlicr and 
also iidlueuce the characlcr and life of the couimunity itself. As a 
community the forest has itidividual character and form. It has n 
definite life history; it grows, develops, matures, ojiJ propagates 
itself. Its form, development, and finol total pixjduf.-t nmy !« modi¬ 
fied by esternal iiiHut’uct's. By abuse it may be grently inpireil. and 
the forest as a living entity may even be destroyed. It I'cspomls 
eijuaUy to care and moy be so molded by skillful treatment as to 
protliice a high quality of product, and in greater amount jind in a 
shorter time than if left to nature. The life history of thi.H forest 
community varies according to the species composing it. the density 
of the stand, the manner in wdiich the trees of dltfeiH'iit ages are 
grnup<id, the climatic and soil factors which affect the vigor and 
growth of the individual trees. The simplest form of a forest com¬ 
munity is that composed of ttieos of one species and all of the same 
age. When several .species and trees of different ages occupy the same 
ground, the form is more complex, the crowns overlapping, and the 
roots occupying different layers of the soil. Thus, for instance, 
when the ground is occupitKl with a mised stand of Douglas fir and 
hemlwk. the former, rotjuiring more light, occupies the upper atoiy 
and liecause of its deeper root sj-stem extend# to the lower-lying 
strata of the enii. Tlie hemlock, on the other hand, which Is eiipablo 
of growing under shade, occupies the under story, and, having shal¬ 
low rciots, utilizes largely the top soil. 

There are forest communities, such, for instance, os tliose typical 
of northwestern Idaho, where western larch, Dougins (ir, wcsiern 
white pine, white fir, weateim ml mlar, and heiiil(x.‘k nil grew to- 
getlier. Such a forest is evidently a verj’ complex organiKin, the 
atahility of which is based on a very nice adjustment between the 
different dosses and groups occupying the same ground. Any change 
in one of these classes or groups must necrasarily affert the otJier. 
If, for instance, in the Douglas fir-hemlock forest the Douglas fir is 
cut nut, the remaining hemlock ti-ces are likely to die out been use their 
shiiLlow roots are left exposed to the drying effect of the sun and wind. 
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It b only by a thorough iindcretnnding of such njiHiml nd|naf>Ttent3 
ihnt the forester k c^ixiblo of intelligently hiuidling the forest. With 
the great number of species that sre fomul in this ctnintry, with the 
great variety in cliinntic and other physictil fuctors which influence 
the form of the forest, it Js self^vident that there are muny foredi 
roinra uni ties, each with distinctive biological churacteristics, which 
niTer a wide field for scientific inquiry. Amid tlie great voltime of 
ndministratire phases of tlie work in the Forest Service tills mntn 
ohjectiv'e has never been bet sight of in handling the nutionul foreBt& 
Tlie Forest Service i» now spending nearly $- 300,000 nniiiially for 
research work; it mambuns eight forest experiment Ktations ami one 
thuroiighly equipped forest-products biborotory, and is doiug Uiis 
ivork solely to study the fundaniental laws goveniing the life of the 
forest and their effect upon the linul protUicfc— woimL 

Forestry Jimy be called tree sociology, and occupies auiuiig Matimvl 
sciem'cs the sumo pi^ition as jtociologj’ among biinianietie st-jeoces. 
Sociologj’ may be bused upon the physiologiin] functions of luan as 
a htolugicHf individual. A pbyslcinn, however, Is not ii sociologist, 
and social pbenomenu ran be undarstuod anil intei-pn*teit only in the 
light of sociological knowledge, ISn also with forestry, Forcstiy 
depends iipfin the niiatoniy and physiology of pluuts, but it is not 
apjdied anatomy and physiology of plants. With foresters nnatouiy 
atid phyaiology of pliihls is not tbo ininiGdiute end, hut enters only 
as one of the i<ssciitial parts, without which it is impossible to griisp 
the proceses tliat take place in the forest. 

As the siuence of tree societies, forestry n'«lly is n part of tlie 
larger scienc® den ling with plant iissoiiatiotig, vet its development 
was cntirtdy indqwiulent of botanical gcogrephy. Wlien the need 
arus<e for the rational Invndling of timberhindB no stdence of plant 
association was in existence. Foresters were compelled to study tlio 
biology of the forest by the tiest metlwls a vail able 5 they used the 
general scientific methods of investigation and devplo|>ed tUcir own 
itictbiids when the former proved inadoiiiiate. I am frank to nrlmit 
that tbe present knowledge of plant associations in botanv has not 
yet reached a point where forertere could leave wholly to’ liotanlsts 
the working out of the basic farts about the life of the forest whirh 
are needed in the practice of foresiry. Wien the general SL-ienre uf 
pknt associations has reached a bigtier state of development the two 
may possibly merge, but not until then. 

Jn devoloiiing the science of ti®e associations the forester has been 
unquestionably favored by llie fact that the fnresL-c. lieiog the highest 
expression of social plant life, afford the liest opportunity for 
Dl>serving it. 

The reason for the ability of foreat trci-s to form most higlilv 
organized plant societies lies in their mode of growth. Each mmuiil 
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ring of growth, together with tins now loaves that appear every year, 
is is reality now colonies of eella. ^onte of the cells die toward the 
end of the vegetative seoson; others eoutmue to live for n number 
of years. 1i\1igd the conditions of life in a foi^ have changed for 
a certain tree, when, for instance, from a dominant tree it became 
a suppressed one, the nmv colonics of cells formed during that year, 
nml which sustain the life of that tree, are naturally adapted to these 
new* conditions. The same is true wlicn a supprcsseil tree, tlirough 
some accident to its ncighljors, comes into full enjoyment of light. 
The last annual growth is at once capable of taking advantage of 
ihh new situation creatc^l in the forest. Therefore os Jong as a tiee 
cun form unnuiit rings it ixjt^scsses the elasticity and adaptability 
essentiid for trees living in dense stands. It is otity u'hiin n tiv>e is 
suppressed to a jKiint when it can not form new growth that it dies 
and is ellminutcd from a stand, 

Bc'cause of the fact that the forest is tlte highest expression 
social plant life, the foresters occupy tlic strategic position from 
which they command vUdas accessible only with difhculty to otltcr 
natiiridista. In tliia lies Uu* strength of forestry, its peculiar beauty, 
and the debt which natural science owes to iL It is a signiScrant 
fact, although, of course, only of historic importance, that, accc>i*ding 
to Charles Darwin* himself, it was “an obscure writer on forest 
trees *' who, in 1830, in Scotland—that is, years before tho Origiii 
of species was published—most expressly and clearly anticipated his 
views on natural selection in a book on Xaval Tinilicr and Arlmri- 
cuUiire, For tlie same reason It was foresters, who, long before the 
word *'ecology’* was coined, liac] itssemhled a vast amount of mate^ 
Hal on the life of the forest os a plant association—the busia of iliclr 
silvicultural pi-uctire, Wtvnuing, Schimiier, and other early writers 
on ecology Imtrowed most of thcir proofs and examples frnn» tile 
fin-ts estubtished by the fc}reRtcrs, and the foit’st literature of to-day 
is still practically the only one which contains striking examples of 
tho application of ecology to the solution of practiciJ probtemo. 

One discovery recently made at the ITin<l Kiver Forest Experi¬ 
ment Station, In Ony^n, comcs^ particularly to my nund. In north¬ 
western Idaho, where the western white pine is at its optimum growth 
and is gjvatly in demand by tlie lunibernnui, our former methml of 
cutting was to roniove tho main stand and leave seed Ircca for the 
restocking of the groiinil. In order to protect the sia**! trees frotn 
windfjill tliey were left not singly but in blocks, each covering sev¬ 
eral acres. The trees left amounted often to from 10 to 1,'5 per cent 
in volume of the t4»tal stand, and since they could not las udlized 
later they formed » fairly heavy investment for reforesting the cut¬ 
over hind. A study of the eilccL of these blocks of seed trees upon 
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nsitural reforestiition has proved that tho}^ can not !>« ileixmded iijwn, 
at kflid. within a reasonable time, to restock niiturally the cut-OAer 
land. The distojice to whidi the seed is sttittei'ed from these seed 
Ircca is sndgiiifieant compared with the nren to bo reforested* ^^plen- 
did young growth, however, is found here and there on ent-over 
land, away from any laecd trees, Avhcrc the leaf Utter is not completely 
bijrited. it is evident, therefore* that the seed from wliieb this 
young giowth originates must have come from a source other thnii 
the seed trccs^ Tlie study of the kaf litter in a virgin stand showed 
that llie latmr eoutained on the iivcmge from one to two germmsble 
seed per square foot. Some of the seed found avu^ so discolored that 
it mu^ lutve iKjen in the Utter for a long time. Thua, it was dis- 
iwrrtd tiisit tin? seed of ihc wc^5tern white pine retains ihA viliility 
for years wiiile lying in the duff and litter benoiith the mature stanthf, 
and then germ i tin tea when the ground k expcfejed to direct light hy 
cutting. It was found similarly that in old Douglas fir burns, Avhens 
the leaf littor was not couipJetelA'^ ilestioyed, iho young growth in- 
A^ariflbly sprung up from seed that had escaped fire pjid had been 
lying dorm ant in the groiuuL Should a second fire go ihroiigh the 
young stand before it reaches? the bearing stage, the land may Ijecome 
a eompletc ivaste, nt learnt for liundroib of years, although there may 
lie seed trrCi^ left on the ground. This conchuavely proves that the 
young growtli conies from the seed stored in the ground befoi'e 
cot ting to^^k place and not from the seed scattered after cutting by 
tlie seed trees left* 

Tlie wonderful enpadty of the leaf litter and duff of the cool, dark 
forests of the Northw'est to act as a storage mciiittm for the tieed 
iijiril favorable cciididotis for ite germination occur is confined not 
only to the Douglas fir and w-estem white pine hut to the seetl of 
other species which often grow together with thein, such oa noble 
fir, amubitis fir, western ml cedar^ and hemlock. The subsequent 
appearance of other species in a Douglas fir or western white pine 
stand depenils apparently, to a largo e:ttcnt, upon the seed stored in 
the ground at a tiJiie Avhen the original forest still existed. Tliis 
disooA'ery revolutionizes our conception of the succession of forest 
stands, since it i^hows that the future composition of the forest k 
iktermined by the seed stored in the leaf litter; ami the appetirance 
of seedlings first of one species lUid then of another resnlt^ simply 
from the differciiees in the relativ^e endurance of seed of the dif¬ 
ferent species that are lying In the ground. Besides being of sci¬ 
entific importance this dkeov^ery has also ji great practical rignifi- 
rmioe. It accentuati^ the disastrous corLsequenee of a second tire in 
an old bui'm l>ecAU9a no more seed remains in the ground while the 
capacity of the feAv s^d trees that may 1)0 on the hum is very limited 
ill re^ocking the ground* This discoAcnr enabled the Service to 
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change materially the jir^ent methods of cutting in the white pine 
and boughis fir forests, to Uic^ftmtual advantage of tho fjovernniont 
anti of the logging uperatoni, 

I shall give briefly a few other illustrations of the life of the 
forest which stamp it os a distinct plant society. 

Tiio first Sficiai phentiixiennn in a stand of trees is tho differentiation 
of mdividuals of the sainie age on the basis of dilferences in height, 
crown development, and growdi^ the result of the struggle for light 
and nourishment between the members of tJie stand, A frins^t at 
maturity contains scarcely 6 per cent of all the ti^ees that have 
^started life there. Yet the death of the S3 per csent is a nece^iafy* 
condition to die development of tlie others. The processs of difTeren- 
tiatioii into dominant and suppre^ed treea tahe^ place particularly 
in youth and gradually slows down toward maturity- Thus, in some 
naiiiral pine forests, during the uge between to 30 ycard, over 
4,(KX> trees on an acre die; whereas at the age between 80 to 100 years 
only 800 trec$ die^ With some trees this natimd d3diig out with age 
proceecis faster than with others; Tims in pine,, birdi, Empen^ and all 
other specie^ which demand a great deni of light, the death ram is 
enormous. 'Witli spruce, liecch, fir, and specie* which are satisfied 
witli le^ light, this process is less energetic. The growing demand 
for space with age by individual ti’ees in a spruce forest may be 
expressed in the following figures! 


M yea™ of Ui^o_ 


Squ&fv fi.'tft_ 
4 


At lige — , -____ _ 34 

At 01 yetnn of ace.. . __ _ . __ _____ To 

At ®n yean* of _ r ^ -.-,c, , . . . _ __ _ .. no 

At KMJ years of age._ ^ _ _ _ . IflfJ 


Tf wfl take the space required by a pine at the age between 10 
and 30 years us 100, then for spruce at tho satu*; age it will be 87, 
for beoch "0, iind for fir 03. This process of ditTerentiatioa is uni* 
versal in forests everywhere. 

Another pociiUnrity Uiat marks a tree community is tlie diflTGrenee 
in seed production of trees which occupy dilfereRt positions in the 
stand. Thus, if the trees in a foitst arc dirided into five classes 
ttccoi^.linjr to their height and crown development, and if the sre<l 
piNjduction of the most dominant class is tlesifinated as 100, the seed 
j)roduction for trees of the second class irill be 83, for the third class 
3J1. for tho fourth class only 0.5 per cent: while the trees of the fifth 
class ivill not prodwe a single seed, although the age of ail these trees 
may be pixictically the some. The same struggle for existence, 
therefore, which produced the dominant and suppi'e^cd trees works 
toward n natural selection, since, only those which have conquered in 
the struggle for existence and tire endowed with the greatest in* 
divuluul energy’ of gi’owth, reproducse tliomselvea, 
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In a Llier^ h a ditTirrent cliiontep a difTtirent sniL 

and a di^erent ground cover tUan au^ido nf it. A fnreiit cover do 4 ^ 
not rtllon^ ill] the pL^ecipitittion tbiit 1^11^ over it to r-eucli the grutjnd. 
Part of tile precipitAtioa remumA on the crowns and is later evap¬ 
orated back into the iiiri. Another |?artj, through openings In tho 
fover^ reaches tlie ground, while a third part runs down along the 
trunks to the base of tite tree, ilany [uid esact measurements have 
defoonstrated that a forest cover mterceptn from 15 to 80 per cent of 
precljiitatinu^ according tt> tha species of ti\i!s, density of the stand, 
age of tlio forest^ and c^tlier factois. Thus pine forests (if the north 
iutercejit utaly ahnut 20 per cent, spruce about 40 per cent^ and fir 
neariy flO per cent of the total precipitation that falls in the open* 
The amount that runs off along the trunks in stiine species is very 
Hiuall—less than I per cent In othei'55. for in^anee beech, it is 5 per 
cent- Thus if a certain locality receives 50 inchca of rain, the gi-ouod 
under the forest will reoeivo only 40, or 20 inches* llius 10, 20, 
and ZQ inches will be withdrawn from the total circulation of mois¬ 
ture over the (irc-a occupied by the forest. The forest cover^ besidei 
preventing al! of the precipitation from reaching the ground, aimb 
larly keeps out lights hvat, aiul wind. V nder a forest cover, thfc^reforn. 
there is iiUog^tljer a different heat atid light climate and a different 
relative humidity tlmo in the oi>en- 

Tlie fl^liage that fjilk year after year upon the ground eroatee dt^p 
^l 0 dblc^atio^ in the fioih The changes which the occumuhition 
of leaf litter and the roots of the trees produce in the noil and sub¬ 
soil are bo fundamental that it is often priesible to detcriiiine ccfi- 
turics after n foryst Ims k^n destroyed whtiher the gr<tund was 
i‘ver ocimpieJ by one- 

Tlie effi <‘t which trees in n ^and hiive upon each other is not con- 
fined merely to chnngifs in their c.^benial form and growth^ it extends 
also to their interml structure. Tlie specific gravity of the woud^ 
its compjisiticily and the unutmuical stnicture w hich detercuine^ its 
^jH^ciftc gravity differ iii the specii^ and on the same soil, mid 
in the suiue climate, according to the position which tlie tree oceu- 
pies in the Fitansh Thug in a lOO-ycar-old stand of apnice and fir the 
specific gravity of wood is greatest in trcfts of the tliird crown cliisa 
(interinediate trees)* The ratio of the tliick w^ail portion of the 
annuat ring to the thin wall of the springwood is also different in 
tree.^ of diffprent crown dm^sca The difference in the gi/e of the 
iracheids in tre^ of dilTerent crown classes may lie so groat that in 
one tnichflid nf a dominant tree there may be placed tnicheid 
cells of a suppressed tree. The amount of lignin per unit nf tveiglit 
is greater in dominunt trees than in suppressed trees- 

Foit^L trees in a stand are thus Influenced not onlv by the ex^ 
tcnsiil plit^KEciil geugra|>luca1 curirouinvnti but also by the iicw social 
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Ciiivironiiient wLich Uity thenuiGlvcs For this wuscn forest 

tm's ttsaimiljite, grow, and bear fruit (HtTercntly and have a dilFeront 
estcrtinl LtppcamDce and jaternal structure ibun trees not gron-n in 
a forest* 

horesliy} unlike horticuitmio or agriciilturcj duals with wild plants 
scarcely modilied by cultivation. Trees are also long-lived plants; 
from the origin of a forest stand to its maturity thei^ may pass, more 
than 11 century. Foi'estei's tUcrefore operate over long periotla of 
time* Tbey must also deal with vast areas; the soil under tho 
foiest is us iL rule unchanged by cultivation and most of tJie ciil- 
tiu'al operations applicable in arboriculture or agriculture are en¬ 
tirely ijupracticuble in foreiftry'. Forests^ therefoiTtjj are largely the 
pixxliict of nature, the result of the free piny of natural fgixes. 81000 
the forcstei'n hud to deal with natural plants wliich grew iiuder 
natural coudltioos, they early k-ai'ned to study and use tlie natural 
lorces aJfccting forest growtJu In nature the least cbaiige in the 
topugispliy, e*vposure or depUi of soil, etc., means a ebunge iu tlie 
eompoaition of tlie forest, in its deusity, in the charucter of the ground 
cover, and so on, .iVs a result of his observations, llie forester has 
dove]oped definite iaws of forest disti'ibution* The forests in ilio 
ditTeieiit icgiusis of the coimtrv have been divided into natural ty|)es 
with corjesimnditig tyi»3 of cUnuite and siie. Tlicse mttiiniJ forest 
typt!s, wliidi, by the way, were also deve1o|icd long beftne the modern 
conception of plant foriuiitiaus came to light, have been laid at the 
foundation ot neiirly all of the practical work in the wmala* A forest 
type been me the ailviciiltuiuJ unit which has the same jihysicnl con¬ 
ditions of growth tliroughout und therefore roejuires tiie sumo metboil 
of treatment* Tho manner of growdli and the method of imtund 
regeneration, onee developed for a forest tyi>c, bold true for tJie 
siiiiie type, no mutter where it occurs* After the relation In'tween a 
cer^in mttural type of forest imd the climate and topf.gi‘ypbv of a 
region lias Ijcvn established, the forest growtii becomes the living ex- 
pression of the cUiuntic and physical factors of the locality, Siitii- 
lurly, witli 0 given type of dimate and locality it is p<*saibJo for the 
foi'estcr to conceive the ly^ie of forest which would grow there tiatu- 
rully. The forester, tlicreforc, may sj>cak of the cliimite of the lK>ech 
forest, of tlifl I'lngeltuiinn spruce forest, of the yellow-pine forest, 
liuis, if in Chinn, wliiL-li may lack weather observations, wo tind a 
bewh forest similar to one found in northern New York, w'e can be 
fiiii-ly certain of the climatic Kiniilurilics of tlm two reigions. ifttre 
than that, n tj^io of virgin forest growth may fservo as a better indi¬ 
cation of tlie climate of a piirticiilur locality than meteorological 
records covering a sliort number of iiesrs. A forest wbidi has 
grown on the same tp-ouiiil for mnny gencratioits is die ifsiiU not 
‘of any oxceptioiiul drinutic cycle, but is the product of tin* average 
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clirmti^ conditions that have prevailed in that region for a long 
time. It exjjres:^^ not only the mult of one single olintatic f^iutor, 
bat the pradiicf of nil the elimatio nod phydeai factors together. 
Similarly* the use of the natural forest types for determining the 
pott^utbl capacity^ of the land occupied by them for tlilferent pur- 
poses is betoming more and more appreciated* W hen the clinuitic 
chameteristies of a certain typo of forest, for instance those of Engul- 
niann spruce hi tlio Kooky Mountains, m thoroughly establishodi the 
potential capacity of the land occupied by it for agu^iculturc, gmrJng, 
or other purijoscs is a bo largely determined. 

OhbervdUuus of ilie effect of climate Mpem forest growth naLurally 
brought out facts with regard to the effect of forci^tg upon cUmate, 
soil* and other physical factors and ]«n1 to the development of a 
special branch of meteorology, kuowia forest meteorology, in 
wliich the foresters have taken a pronilnctit part, WTiile there are 
some phases in forest meteorology which still allow room for dis¬ 
agreements sorpu rdationships eslablislLed by foreaters a ns widely ac¬ 
cepted. One of these is the efect which forests have upon local 
climate^ especially that of tbe area they occupy and of contiguous 
areas* Every farmer who plants a w'indbreak knows and takes ad- 
vantage of this influence. Another relation b that between the 
forc^ and the circulation of water on anti In the ground* a rektiou 
which ptnys such an important part in the regimen of streams. 
Still a third ouc, as ycl S>eyond tlie possibility of absolute proofs is 
the etfect of foi'ests in lave! countries, in the p^th of prevailing winds, 
upcm the humidity and teniperaiure of far-distant regions lying in 
tiieir iee. 

If in the fitdd of botany the forester has contributed to the progress 
of liotanicul geography and in the realm of nieteurology has opened 
new' helds of investigation, hk influence in wood technology has been 
in changing entirely the attitude of engineers, physicists, and diem- 
ui Imndling wood i>r<xlucts The methwls of studying the 
physical, meohanieal, and chemical properties of wood wero^ of 
course^ thfise used in engineering by chemists and physacjsts; hut the 
feux^ter has tJiown Uiat wcmxI, tmlike steel, concrete, or other sti iic- 
tural tniiterial* ib: subject to altogether different laws* ^ Wood, he has 
sliown, h nut a liomogeneous product, but is greatly intliicnced by 
the conditiom; in the stand from which it comes. Were it not, there¬ 
fore, that mechanical properties can be tied up with smue doflnito 
fonfst conditions and correlated with some readily visiblo o.\pression 
of tree grow th, such m the number of rings per inch or the specific 
gravity of the wood, timlier would be too much of an indehnite 
^juautity for architects and other of wood to handle with 

perfect safety. To find such a relation is just what the forostera 
have lieeii attempting to do, and moat of the studies of the strength 
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of wood Imvfi betn with the view of estabtishiDg certain relations 
betwoE^ ttie mechanicaK pbrncal^ and aaatomjcal proportici^ of tlio 
wood. Some of thei?o rolatioDS I may mention here. 

One of the e^arli^^^ relations which foreajtei-.H have estahlidied with 
a fair certainty m that betw^^en the specific gravity of the wood and 
its technical i[ualttic!s Some of the foresters even go so far as to 
ctaiin that the specific gravity of wood Is an indicator of ail other 
mechEiiLloal properties and that the atr&n^jth of wood increase with 
the specific gniTity, iiTespectivo of the species and genus. In other 
words, the heavier tlie w«hL all other condidans lacing e^iuah the 
greater its stir-ngth* Even oak, which formed apparently an except 
tioni hits been ra:ently shoivn to folloTV the same law* ff there is 
Htill sonic doubt that the specific gravity of wood can be made a 
rriteriori of oil mecliiinical and terhnical properties of woodj tho cor¬ 
relation between the specific gravity and the resistance to cotopres- 
BiQn endwise (parallel to the grain) is apparently beyond question. 
Thus by the specific gravity tUe resistance to conipres$ion end^vise 
can be readily determined. The eompres^on endwise et|Ua1^ IjOOO 
tinies the specific gi'avity minus TO, when the moisture content of Ihe 
wood is 15 per cent, or 1,000 ^S—lO. 

Since in construction work the mast desirable wood m the ona 
wliioh pusse^ts^s the highest stn*iigth at a given weighty the ratio 
between the compression strength and the specific gravity was found 
to expi'e^ most clearly the strength of wood- This ratio, however, 
increases with the increase in tlie specific gmvity, s fact wiiich 
further substantiates the law that the specific gravity of Avood 
determines its mechanica! properties^ 

Another relation which lias been fairly established is that between 
tha resistuiice to compression endwise and the bt^oding strength of 
timlier. By the resistance compression endwise, therefore, the bend¬ 
ing strength of tittiber con he detennined* 

One of the utlicr properties of wood—-namely, hai'dnes^—was 
found to hflVG a definite relation to the bending and compression 
strength of wood and this fact ten^pts the conclusion that by hard¬ 
ness alone all other mechanicaL properties can bo determined. Tlie 
test for hardness is very simple* it can bo made oven by a small 
manufacturer anti therefore the whole pi-oblem of woml kitting would 
be gn^ally simplified, llardncj® was also found to liave a definite 
relation to the proportion of the summerwood in the annual ring, 
ami constH|Uent]y to the specific gravity of the wood* The specific 
gravity of wood is rletennined by its anatomical structure, by the 
proportion of fibi*o-vasculur bundles^ their thickness and lenglh, the 
proportion of thick-walled cells, medullary rays, etc, Tlve anatomi¬ 
cal ^ruL'turu in its turn i? proliably determined by the combination 
of two factors—the nincunt of nourishment in the soil and the in- 
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tenhitj of trnn^ipinitioi]. Tlie iiiephanical propert ies uf ’^vooil comei 
tla*h?fare| within the i'ontrot of the forester who thIscs anil ciir©^ for 
the fiJiHfistH 

There is another field of scientific endeaTor in whitrh foresters 
in this country min' claim soiuc ci'edit^ This is in the Scld of forest 
nmthetuatios^ One unfainilliar with forest growth t^a hardly milisMs 
the difiicuities in the way of measuriiig the forest crop, the amount 
of wood prtaluceil in a forejijt composed, for instancej of many dif¬ 
ferent specif sisf^ sod ages. If a troe resembted any geometric 
ImkIy, such as a truncated conct «r an A])|jolonian paraboloid, it 
would he II gliiipic matter to delerinine its contents hy applying the 
formnln for such bmly. But a tree’s foi'm does not coldcidc w ith 
thiit of an}^ knoiYii geomelric LkxIv^ so that it would seem thiit the 
only posffiible way of detcnnining the contents of the trees forinlug 
fi foiTst would be by measuring each single tree. Evidently this 
would be tin entinfly impnidticabJe task* 

The roinmon priictUie of detenuining the contents of trees cither 
In hoard meaguro or in enbic feet m to mcaE^iire u large number of 
trees of a given fqascies in a given locality and apply the average 
figures to the trees of the same diiituetcrs and heights wlthbi that 
locality, Since ibere are^ however, a great many siwcies of trees 
in Lldd country £ome of which have a very wide gectgniphic range^ 
tills method nece^rily involves the preparation of a large number 
of local volume tables and hence the jjieasLu-emeDt of hundreds of 
thoineiiLA'ii of ti-et?s. The measurement of the taj^er of a large nuoi¬ 
lier of trees has showm tinit tlien? aro certain critical poioU along 
the stem of a tree the ratio Ijetweea wdilch ciXpreties the form of the 
iree in a sulficiently nccuratc manner. It wua found that trees hnv- 
lug the fSfinio lohil height^ the saine diamefer breast high (4^ fi*et 
from die ground) itm] the pame nitio lietwccn the diameter Lit half 
the height of the tree and the diameter bi‘eai^ high, mui^ invariably 
Jiave the ^tme cubic contents irrespective of the species of the tree 
or the region in which it grows. Thus whether it be a Scotch pine 
of northeiTi Sweden, a yellow pine of Ariisona, a imihoguny of the 
Tropics, or a stTubby birch of the Arctic (’indCi tlie volume of the 
tree may cxpix^sejcil by loeana of one simple rehitionship. The 
discovery of this very nimplo relation proviilcs, for the fii-st time, a 
Imsis for the construetjon of a umverwil ^'olume table, Tlie mathc- 
nijiUcittns of tlie earlier period songfit in vain to find a formula by 
which the cubic contents of a tree could be expj-Ci^sed. 4\^ult the 
mathematicinris failed to develop by the diKluctive methodt foresters 
have found by the indnetive method. With a reliable table for con¬ 
verting cnbic meiiftiiii? into board measure for trees of different ms/es^ 
the ijjjiveriitil volnmt table expressed ui cubic feet could bo Lranskted 
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Into a versa] tnhlij espr^ssed in bnard feet, which is the mcii^iire 
pecujiar to tliJS country* 

There ia anotheir contribtttion of which I am somewhat he^ntant to 
Efteak, for it is not a contribution to pure scicnoej if by science is 
meant only the physical or natural sciences. Since, it 

touches the interests of a Inrge nuniber of people^ I may bo forgiven 
if T my a few'^ worcLj iiboul it. It is a contribution to whnt one 
cofjnomiiit Ima aptly called ihe “science of social engineering.’^ Tfic 
transfer of the fnreat reserves in IWIi to iho Department of Agriciil- 
turn marked a new departure in the national economic life. It 
recognix^ed the now principk tliat the Nation’s? resources should be 
iminagcil by the Nation and directly in Uie interc;^ of the whole 
puojde; it recognized that these resources should he developed col¬ 
lectively rather than individually and indii'cctly. Nearly 10 years 
liEivc now passed since the iiiniigundion of this policy* The rectwil 
of what iuts been accom]jlishe{:l and tlie manner in which many of 
the problems have l>een appritKiclied and solved must iin^iiiestionahly 
be considered a contribution to the methods by which similar proh- 
lems miiy ho bundled liy the Nation in the future. In the admtnis^ 
tratinn of the national forests there Is being deve]o|>ed giiidually 
what I believe to be a truly sciontlSe system for attaining a concrete 
economic end, a system of coiitFutiing certain correlatetl industries 
with a single puipose in view—the ma?diiium of ilte Widfuro of the 
Nation OB a whole* In sjiito of many mistakes w'bich we have un¬ 
doubtedly made and which wo have attempted to correct as wc vveiit 
along, itj spite of tlie lack of pnicticc and exj>eriencc Jii solving the 
problenuf at hand, this ne>v policy, it seems to me^ hm already pnived 
to be eiitij-ely safe and workable. 
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ITS FiJJOftESCEMT INFuSiOn;, 






iVEPEI^rTieUJf—TTS mSTOHY AXD AC^ 
COUNT OF THE REM.VHKABLE FLUORESCENCE OF 
ITS INFUSION** 


By W. E. SATTaa&, 

U* Depitrhrt^t q/ Agriculture^ 


tWIlil 

lNTRODrf 7 riO>\ 

nephrUi^m is n remttrkflbJe wood which was celtabmted 
tUmughoiit Eurfipe xn th^; gijctoenth, Berentcenth^ and the early piirf. 
of tiie eighti?eTith centuries, not otiiy for its reputed mpdieituil Tirtues 
but on iiccoiint of the Etninge color plieiiomcna displuyed by its 
iafusion in spring water. Cups tntned from it were deemed fit gifts 
for etnporora jmd prince The water drunk from these cups, or 
from bowls in which a few chips were allowed to remain, was 
declared to work maneUous cures; and its beautiful opalescejice 
and changes in sunlight and shadow were tlie subjiMt of investtga- 
tions by tlie most celebrated physicists of that period. Strange to 
eay, scarcely a fragment of tit is wood is now to be found in ninscums 
or drug collections. Its very name has disappeared from modem 
phar^cograpbies and encyclopedisa; and its botanical identity has 
remained doubtful until the present day. In the present paper I 
proptise to show that this cia^ic wood came from two distinct 
sources, from trees of disthicl genera. I shall also give an nijcount 
of the fluoresecnco of their eilracts, and endeavor to explain the 
causes which led to the confusion of their identity. 


EAIir.T HtSTORY, 


The Spanish physiciiin Monardes was the first to cal] attention 
to tlie wood. In ISGS he wrote the following account of it; 

They ahw brliiB fmm New Spain n wwxl rKMTuMing thiit of a pear tree, 
deiue ulul a'lttmat kauta, whtvli Ibey liave be™ oalu^ fer Dmiiy years to these 
[Mirns Pit tltaeafses of the IdUney* and of the Uver. The Ural perseu 1 mw iwe 
It was a pITni, i’i yeans uiijc), who waa afllteted with arlnarj' and kldticy trnttlsle 
nfr®'’ iwlar It tvegacred Ills health and was very well. then 


^ a patMT *ntiUftl « Tt.* Usniim nmli rTUfim," bv tb, 

** ■ f*" BolMalctl Bwl»tT or WMhl±iBtQ 6 . raiilUhiil by 

aathflrlty el tins of aaflcnJini*. 
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t miidi Ilf \i hiNiuglit ffYkin ffiintti unit iifHMl fiKr iln^Minil klnitmt 

iiitiEtudi^ * • ■ Ie usod irt the* fulLoivIni^ ttnititi**r: Thuy inktf e3h> wm^i 

jiiii.1 msikfr 1.1 r It chip?* m thin m pfl# 5 !iklt>le unti nut v^' hiriu? ttiiil pttX thuni luta 
^*li'nr whidi iiiLii^t In? wwnl uiul purt.% un^I tlu:y losiv^ tliuui In 

the wnter nH the tSrhe thnt It lusts for flrliiklni^ A liitif hour uflur itie wiwmI is 
imt In, the wEitor tK^^rltis tu in^uiruf ii vvry jmle tilue color, uiwl tlio lonfier It 
stni^'s the tiluiT It tiiros. thouRh tho w-ixid In of u white color. Of thin wntcr 
tlipy itrtuk repeutofllj' nnd with It they cllluto thoir w3m», nnii it niii^^ very 
w^iiulerfiil un-fl inEinlfcHt cffecLs without iiny nltcnitluii nor uny ctLhor reiiutHltc 
timn orilcr mu] nridmcn. TIh; w'utor luui no mihrcr tnulo tlULtii If uothltijt 
liml Ijeen put Into It^ for the wood kIoga not chiin^ro It iit ulL Itn f?tiinplo£lan 
hs iKit und dry to the first dd^co. 

FranciflLxi HcmMidOiS, protomi'dico' of Philip II, who retuniKl to 
8[>nin iti 1577 nftcr luiving scveii ycan$ in Mexko hLndyirig th^. 
n^uroes and useful prtKiucts of thiit ct>imtry} udded nothing to 
Mofinrdfss description of the wood, but gave lestimony as to its 
medi-einnl virtnoK, uuc] for finit tiniu the pinnt prodner-^ 

ing the Li^nmi nepAniieum of MesIcoL lie wns n physician rsither 
than 11 natnmlist, und ninny of his descriptions; and }nus:i|.rrdions nf 
botli plants iitij aiiimak am so crude us to ho uiirccoginzabk.. Of 
he gave no ilhistiutiou. He even cNprcsa^d his 
tlficprtainty regiircUiig its soiirec^ idnting that the plant hLid been 
dijscribed to him jis a nhmh, but thnt he had seen specimens wlijch 
cxcctHie^l very large trees in siKt- 

I fcniiiiidezk work on the prculucU of Mexico never ntipearetl los 
a wliole* The iKniioas of it relating to medicine were grouped to¬ 
gether nnd prepared for publication by Xurdo ^Viiiunio Becchi, 
lihyslCEOu to Philip Tl, hut owing to lock of funds or for other 
reasons it did not ftpj>enr until 1(551^ 7S yeurs after IleriiEindex^ 
ilcatln A Spanish translation of Becchi^ii Lei tin epitome up^icared 
in Mesieo in 1G15, the prolix title of wduch, rendered in Engii^, ia 
ns follows: 

Tour Twcnks of tlie Saitire mid VlrttiH^ cf rinntu mill AiiEiimbi whkL uiti 
recelviHl Lu |he {irucUcft of Stwllcliip !n New Notilix and the ^letluiU itnd Correct 
iNwiulrfHl for tlielr ladiulnlutriiLlDii^ with, tliut wdiieh Doctor r>ai 3 - 
cLtfcu llertuitiUi':^ hiiu wTltten In thG Ijilla laiijtUUE^ni^ Vui*y iirw^foL far pH kltutu 
iif iwvldu who life uii furniB mul in vlllujeott tvdivri? there nro ctu idiyj^klnnn in^r 
Af^ollJ+Ha^^y^^ho^^s—Tmnklntecl^ and au^iemeil with nuiny sDiiiiUrtf, hth! coin- 
piiuiiila. n nd nimiy other cure tire KecretK, hy Ymy Fruliclsco XltnrucK, Kfui of the 
i\iuvetn of fiunto DoiEiInpi of NntLve of Hus Vlllii ile Lutm, KLn^^ofii of 

AratiifL * * * In SToxlco, nt the house of tbe Widow of Dloj^o Dnvitlu^ 

t6irx On Bule In the shun of clurfhlo, oti the corncir of the cnlSo Tucuhn, 

fitHl lu llw Portertu of Santo (>oinlhp>. 

In this work is presenteil HemHndeJ^'s sceount of Ligmm nepAjitl- 
triWK inchidiag Montirde^s deseription of the wood, its medicinal 
virtues, mid the wondetfti] blue color of its infusiom 


UONLtM NEPHHmCUlf— 


273 


Ij 3 Atliflf^iisim^ Kireliet^ u Gernuin Jesiiit living In 
celeUratud for liis grC'iit lo 4 iming and hla contHbulions to sekviiCKj 
publkbed an account of unphrlthujji in bis Are ifagoH L^cis 

ct Umbrti;, nnilcr the bcncbng "^On a certain T?rondi«rfiil tvood, color¬ 
ing water all kintk of colors."’ tn[>. cii.^ p. 77,) He calb attention 
to tbo fact that other writers before him bad deEcribed the ^vchhI as 
coloriiig water only a bine color; yet in hi^ esperiinentii be had found 
that, it tMinsforiiied water into all kinds of colors^ His descnptioii 
of the plant jkiding the wjss not nut do from obst^rvotion but 

was undotibtedly taken from Ximenaze's translation of tleriianders 
work^ publk’bed 31 years preWously. He then goes on to say : 

The iiYwd flf tlie tree thufl fleserfbeih wlieti made into r i-iip^ (Ingcs wairr wtim 
fwrtirwl Intrp U at (inn a ilpcii blue, the of ii Huiftiwrt flower: nail rhe 

loiiaet tlie aiumlsi la U doojwr itte color li Aaisanicg. If then tta) 

water iBte a ^hisd ^'lota! amt lietd ainsln-^t the l^sliU ao ^-Cisttpe of thQ 

aiue coliir wilt be l>u[ it will appear to ohserveri! Ilka pure eleaii sprlaa 
water, UmphS and ctenr* But If ytm move this sJasw itlilai tciwarrl a more 
Hliafly tfH? lliiaiil will ossa me n Taesyt delljjliiful Knajaaesa, aad If to n EtUJ 
more ?iimiljr p’iaev*^ a renlillfiih color! atnl tlna* It will elian^o color In a murvelooH 
waj- aeci>rdiag to llie nature of Hb huekKroaail. la tlkC iSarlt* however^ or la an 
ft will unce more u.'vaiine Lta hlae color, 

Kirelier ann ounces that he was the first to observe this rhumeleou- 
Like color, as far as be knew, in u enp given to him ns n present by the 
procurator of the Society of tlesiis in Mexico- This cup he after- 
wards sent as a gift to bis Sacred Alujesty the Emperor, aa sometliLDg 
rare aii»i little know-m Buly''' be iidd^ to the cause of the 
strnnge phenomenoii which I obsened^ 1 failed at first to understand 
it; fur I saw that tlie color could be counted neifber among the 
apparent nor the true colors; not among the former, because the true 
or real color cOmoA from the nature of the wood and not fi‘oiu the 
light variously modified, a$^ is usual with apparent colors; nor can it 
be considered a real colon sini^e no color is seen hi it when it Is held 
lip against, tlie liglit; and it asj=sume« different kinds of eolora only 
w'hen held against differenl objects.-’ The leanied philosopher, true 
Ui his boast that thec-o wasi mi probkin in nature') ttuit he could not 
solve, oondiides with the statement! Taught, however, by various 
fxperiiTicnts, I have at last found the cfiose, which I shall publish 
lioreaften’^ This, how^ever, he never did. 

Four years after llie publication of Kireher's work Johan Ruuhin, ■ 
in his Historia Plantamm (1(130), describes a second cup made of 
Lignum nepAritleujiu which he had received under the name of 
Palum from a eoUeaguoi Dr. SchopGiu^, pbysiciuis to the 

Duke of ^Vurtemberg, This; ingeniously made cup, nlmod^ a span 
in diameter and of no re>mmon beauty^ resulting from the variegjited 
ISUIS^^W 1015-18 
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tines Adorning it. iras juvompanied by sawdust or shaving!; of the 
n'DOil of It reddisil) color und of tin ui&nifest tuste. Wlion water 
was poured into the cup and tttc sawdust inaverntod in it, tiie water 
assumed in ft short time “ n wonderful blue and yellow colur^ niid 
when held up ngttinst the light beaiittfully resembled the varying 
color of the opal, giving forth reflections, ns in that gem, of liery 
yellow, bright red, gtoning purjile, and sea green most, wonderful to 
behold.” After taunting Monurdes^s account of Li{^num. 
the author notes that Ctesalpinius believed tiie latter to be u species 
of ash (Fraxinui). 

, The following year (11151) Secchi’S epitome of IlcrnoJidez'S work 
was published at Home. II coolaiiicd u description of Li^ritun 
ttephriticum almost identical with that in Xbneiicz^ preinotisly pub' 
lialml Spanish translation. For one of its Nnhuutl names, however, 
the form atatH in!«tend of ceati won used. The latter name, signify¬ 
ing “i^nuke water,” as well os tlapal^sptUlL blf.Hxl-rincture inedi- 
cinc,” wliieh won also used by Ilernnndea, has been frequently mis* 
quoted, Tims Pomet, in his Uistoire (Ifndrale dvs Drogues, under 
the heading /i«4» Xifretiquet says that tlie latter “nous cst apportf 
de la Xouvelle Kspngne, principalement du Koyaimie de Miisique oh 
il est appelle Cottli et Tlupafrypati/*' lliese names arts meaning¬ 
less and misleading; and the some may be said of Pomot's tigurc of 
the plant, which represents » miniature tree bearing toothed leuvijia 
like those of f'it'et pois chidles^*), out of all proportion 

to the sloe of ibo tree itself. 

Pad re Be main* Cobo, in his I listeria del Knevo Mini do (finished 
in 16.’)3. bill not published until 1SD0’-LB95), speaks of wooden drink¬ 
ing cups, used for medicinn) piiritoiies in N'ew t^pain, which turn 
woccr blue. He describes the wood from n'hich these cups are made 
as of a purple color and pretty grain, suitable for carving, and there¬ 
fore counted among the most precious woods of the country*; and 
he also states ihiU stuffs are mude of it. Although be giv^ the ver* 
nactiTar names for many other wockIs and useful plants in various 
parts of iix)picul xVmeriea he gives none for this, but says that the 
source of the w ood is a certaiu largo tree called urbal th At inm^aU- 
dad. Of litis he gives no description nor deflnite habitat, and it Is 
prubiible that he never saw « ^ecimen growing. It is quite possible 
that he eonfused tw® woods, the dork-colored twill, from tlie heart 
wood of which Iwautiful walking sticks can be raiide, but which 
never f^ws to great size, with some species of Ptcrt>t.’arpu» of greater 
dimensions It is quite certain tbnt his description does not at all 
apply to the woods out of which the cups of Kirchcr and Haiihin 
were made, nor to Mouardes's wood, which was “ of a white color ” 
and resembled pear wood. 
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BOTTLE’S KXI'KItUrEXTS. 


TJic color phenomena displnved by ilic extract of Lignum. nephritU 
cwj» were first investigated iti a truly scieniiGc nuionet' by Umj IIoii< 
Robert Uoyle in The rei>iJlts of his studies were emUotliei] in 

his Experiments and Considerations Touching Colors, page 203, 
n Ijiitin ti-nnaltiiion of which (ICO"), nnd also a siutimary of the re¬ 
sults of Boyles studies in Richard RatiJton’s edition of Boyle*s 
works (1700), me in the library of the Surgeon Oeneral of the Army 
at Washington. Boyleu account, as published by Boulton, is as 
follows: 


r am tiUd tJiat Uvnvm yephrittemn is nsVl In Ilic Ccunto' wlierc It arow* aa 
fin excellent Mallelne ngulnst tlie Stunej wUlcli VlrtiK's Jloimraua UJtPwlne ns- 
cril*«» u> It given In tnfualam An iniaatoii of ihi» IV'ood, If it Imi not too atroiig 
will opi^ar, beiivixt tlic EJja atui the Llglii, to be of a golOeii Colour, except tliai 
dlton tliu Top It will lie i.'i»verMl with a sky ouloiirVI Circle; but If yntjr Eye lie 
plac'd betwixt the liVliulow aiul ilie Vtul. ilip Liquor will afiiwar to Im of a 
lovely Blew. Anil tills Espurlmeat bntli Bttix.-ei.HtL’d by Canille Llgiit; if the 
Liquor be hcia jMirlly Iwfore tba tjje nnd ti Uj-bt, anil imrtty betwixt tUe Eye 
and an CjfUienuN Bmly, U will half «f It uceui of « gnlileu Cilcur, utul tinlf n 
but If turning your Iwck an ihc Window you idMorve (ho ijqm,r uk li la 
Iiotirrd out. li win at tlio flm iieein Blew; bm wben It hatb ffllloa lower, niid 
tJul Unyfl of Ltgiit penetraie It owre. It will neein l'flrtl.™ioured. If a Htile of 
this TIoenuro h« pour’d Into h BaHin of Water, panly io the Kuti Heama and 
panjy sliHdeil, It win atTon] several plcaaltlg PAwNoaK an. if ^onu> of |( he 
iKrtir d upirti white Pnia^, the dtvqw about It will appear of filirereiit ColnuM. 
»a tho PiMltJon of the Eye Id reference to Ibern varlen; ami when It Is pitiir’d 
tiff, tliD paper wilt lie dyetl Yellqw; nnd if thin lie plac’d In a Wlndaw in tJu: 
t^un-sMue, ami a Pi-u hrfd tietwixt the Bun ami pan of llie Paper, the Verge nf 
the Shadow next tJie lUaly that Cauiiw. It will be UoWca, and the other Blow. 
W bkJi /’Aanf^nieiia prucreikd from the ouait subtile Fnrta of tbe Wood Swim- 
lulijR In lie Water, ami Jn Kevenil Positions varlnusly refli'etfiig tho Rnya of 
L ght. fUifth- of tbia IJquor Uliig carefully DUUlPil, Jt yji.|diHl a ci»lour|«.!* 
Unpid Water, a dvep emilroiia Liquor reiaalnlng Mdnd, Spirit of Wine ami 

, !l-i TT"?™- 

looportion la iwlxt th.^ Llqnor ami the Salt, which eniilir*| it to vary Jfs Colour 
BO tlmt ,b(, I wjm induc’d to helleve that our Tlmmre rec^lvM 
U Sail dbq^od through It. yn 1 nuapecteil. lhat this Suit woiilil be elthtT 
ult^ i.r iDcanKinittKl by AebI Salter and accortlliigly, dreppiug Spirit of 
\ inegar into of the Tincture, It lod Its Blea*, bur not ihe Uuidcn Cotanr • 

^ P*'' Hint eorn-dlng tbe Add 

halts. It pr«eutly noulu'it Im Blew Colour usnln, the inmuwona Tarturemt 
IJquor flm altering the Bottum of tho Uquop and graduulJy rlHlug ngidji. 

H Uh. I, /Mrt a, wTito UMae- 

J**^'*"*^illirerence nf tho .’ll«||«m. In Ptepeet of Ligand 
iM nevomi Podtioua, vary it* Odour: pet from the Accuunr lie uivoH of ft It 

uTw'^ito u'w 

It a white Jlcrfcan Wood, wbercun our*, na Mouanlcs ivlttieHM j. iimnirht 

outelde. Which port is mndi weaker ,hnn tho other. Bcsl.leo; hi teS^ us rha, 
his Tincture wan Uke Spring Water when held betwixt tho Light, whcreoji ours 
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1^ YellowlBh or as th(’ Tinetnre 1^ wonkar at arrnnjjpr* An<l ho 

t^\s lis, Hint the Tlneture will afforil nil jwirts of r'^HoiiJi^T nud r^^tne a ^rra- 
ieons CdIout La tlie I>Efk, 1 eoiUd wl^Xi to knnw litrte he hs-i of iht- 

latter; aod a? for the t'ornuT. l luiiro tqrc^ ttiat U wouhl not ni ni\ arLswer. 
Tho* this I must m^l;? own, timt having helil o TlncthfO eif iVionho^ yrpht^~ 
tftrioij In the Rsys at In a darkoiiM RiMint, fiurtL? \n ntid partly oat^ nml 

alPOn wholly out of the hut i«jrtly near thraiit h nd!onle«l a. mneh j^miier 

Variety of Ou^oufif tlMih in u Hf;h ten'll IIodid. 

In ihla EsTSTlment If Lh not n tittle to be atlmtr^rt, tintt the Bh'w Colonr 
■<l3onM l>e m f'nsLIy diistruyetl. wbefPBn tJie Yellow dolottr h hso fltirnhle; nud 
further, that Acid &nlia ahotil[l'di>$troy it iinel a ^iilphurecnut luie replore 1L 

t:<>NFi:sioN" or TwvrAyiCAi. x-vstes. 

The eoiiree of ligniinL fiepliritlettiD remained iinknown fnr f!en- 
turies. Monardes {1565) knew nothing of its nrigin e:sa!!pl that it 
came In Spain from Mexico* CiBSitlpmiiis (1583) and Cnspnr 
Batthin as we hara aeent supposed it to be a ^pedes of F/yur- 

tfiM. TerrentJir^ in flocschi^s epitome of Hemandea (1651)^ referred 
it to the legumiootsa? bwt did not attempt fo idexitifj it- Johuti 
Boeelerus fl745)< beliedtig it to be a biburnnui^ eallej it 

Linnn^ns^ in his ^faterin Medicn (1749) nddeil ti^ the 
confusion by referring it to pter^ffemperma^ an East Iitdinn 

tree: while Guibourt, in his Histoire abrtg^e dcs drogues 
tdentlBeil it with the West Indian entsHclaw' {Mimosa un^uin- 
etiH L,)^ 

The first Co indicate its Lmc botAnicnl classification was Dr. 
Ijeonardo Oliva, profe^r of pliannacology in the University of 
Gimdalajara, in his Ijecciones de Farmacologfa, vol. 2^ p- 429, 
who identified it with Var^nwa p&h/$lai^htfaT>C* ( Viborfjuia polfj- 
^tachffa Ortega; EifsenJiiJirdtiti £im.&rphokUj^ IT. B* K,)* Subsequent 
ftijtlioritii*^ however^ did not accept his kkntifiention. Dr. Fernando 
Ahamiruno (1878), while rerognirdng the identity of the of 

HemiitideJ! with the tree called hy the tnodem lleYicatis paJo duhe 
and referring it to Vih&rquia p^lyKiachtpi Ortega, w‘as not nware 
that the latter the same as F^acnAfirdtia ^tmorphoideif 11* B. K,|^ 
and he followed Alfonso Herrero in referring lignum nephriticum 
to f?i47/arMffiw» pt-oWntfa, a mistake whieb may be traccit at once to 
Linnaem In describing the uses of cortfW w'ood by the mmlern 
Ale.xicans, ho states that tlie country people make drinking tixaighs 
of it for their fowls to guard against eortflin epidemics to which the 
latter are subject; or, if the vossaJ fiv>m which they drink m of s^™e 
other sulistaiiee, they put a piece of wood in the water and allow 
it to remain there. The water ajssumes n bine oolorj he siys; hut 
Mariiino Biircena, who experimented with it, observeal that the hhw 
color was the result of the refraetioii of lights and the wutei\ in-steaii 
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of yielding a blue ptgmcnl; Iibe indigp, yield«J n ydlowiiib brown 
dycstiilf.* 

Sarffeiit in his Silvsi of North jVjiifirim gare an amended descrip¬ 
tion of tfie genus Ejscnhnrdtin, in whkh he for die first time estab¬ 
lished ihe nation Et/iftfiJutnlfifi p^'^slaehi^u^ but ll Ui evident, 

that he was unaware tliat this species hud an}i;hing to do with the 
classic lignum nephriticum or tliot its wood yielded a tiuoi'escent 
infnsion. Concerning it he simply says; ‘‘Tlio wikhI of smue S[iceics 
is hard and close-grained and affords valuable fueJ. Tlie gemis Is 
nut kiiow'n tu possess otiicr useful properties.’'* 

The third edition of the Nueva Fnrmacoiiea f^Ie^icana (ISfiS) 
ropent? Oliva’s oliservntions under die hcadlug “Tamy do Meicico,” 
but in a footnote states that l^tio nefritieo had lieen erroneously 
attrihiited to T <Dv/tflea pol^st^chya, or HyjKithArdtltL iunQrphotfl^s 
n. B. K., and that its clasdlication was nut known.* 

Tn a soh^nent edition of tliLs ivorkyhe name /hdo f/ii/ee is ondt* 
ted^ except os applied to the Euroixuin licorice. FJilckinger und 
Hsmbiiry, in their well-fcnow-n Phaituaoogniphia (ISTfl), am silent 
about lignum nephriticum, although for several years iHjforc tho 
publication of this work Itanbury had been seeking to identify U,‘ 
DragendortT refers to it ns a species of Guujacum.* 

Dr. Otto Stnpf, guided by Bamlresi and Mcocer’s Sinonimhi 
vulgar y cientffiett de loo Plantas Mexicanas (IfKhS), referred a piece 
of wuod, labeled “cuatl” in the Paris Exporition. to Eyteuhtn^Ua 
ftmor-phtiitles} hut tlio wood was unaccompanied by botanical ma¬ 
terial by which it might ixs identified with certainty.^ He gives a 
history of the wood known as lignum nephriticum in early Utemture, 
and also tpiotes several Mexiciin authorities but not (jUvn, cited 
al»vc, nur any Philippine author. He accouiikj for tJie fact that the 
llowerH were dc»ril»cil hy Hernandex as yellow, by the supposition 
that there are varieties nf Eysenhardtia 3'leldtng lignum naphriticum 
which have yellow flowers, altliougl], as a matter of fact, no such 
forms occur in the localities cited by writers on the subject; and the 
only Species in which tjie flowci-s arc yellow arc low scrubby plants, 
belonging to a distinct section, which never attain the size Jien of a 
small ti-ee, nor Jiave a stem wdth a diameter sufliciently great for a 
cup, or even approaching the dimenHious of the piews^of lignum 
tiepliriticiun hitherto dcscribiul. 
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Thi* liuft uuthor to im^igate ttifl origin of Ugniim nephrillcum is 
Dn IlAQs-Jficob Molkr, of Coponhaf^en,. who, sifter an rslmuEtivc 
study of the subject* referred it to a Itcsican tree bolongii^S 
genu5 Pterocarpiis- Dr. MoUer made n careful examinatiou of the 
viirioiis woods hitherto supposed to be iUfe true t{grm7ifh j^pktiiieum 
niexitTaiLunij auioug them ^i&ctmeus of the wood of Eyaej^hurdtia 

sent to him by C. A. Piirpiis—the l«ttor described as 
•'^diis Kuruliuk von eiuem reeht dickou Ast’*—but with negHtive 
results Fluorc^i^^is-'^). On csammiug the hcartwocnj af 

a Philippine species of Pterocarpus* liow'CTcr, lie found that in water 
coutiLUiUig lime it yielded m iufusioii having the oharacted^Aic sky- 
blue fliior^ence of ligouoi nephriticum described by early investiga- 
tore. He therefore aj^uiaes tliat the iiiother plant of Ur^num 
nephntieum ^sought in vain for 300 years by so many 

investigaUii's is a Mexican species of Ptex’oearpus*^* in all probability 
Fter&carpm ampkpm^nivm DC* {AtFiphpm^uum U. B* 

K,, Fi^zroafrpm 'pubesc&L» Spreugel) \ and he refers a ^ooud kind 
mentioned by endemic m Quauhehinango, to F^^rovarpus 

orihuliitu^ DC,^ 

WO DISTINCT WOUnCTER OF THE TVOrvi>. 

In these attempts to trace lignum nepbriticiiui to a dngk mother 
plant the writers have been confronted with serious difUciilties. How 
could Epsen&ardtia polp 4 ttmhyaj a diiiib or sumll ireei be its origint 
when* according to Hernandez* logs of lignum nephriticiim of great 
$i£e were transported lo Spam. .Vnd how could the wood of this 
ai>ecies^ with its dark-colored heart and yellow infusion* be identi- 
fitd with the ** white ” woods of Monardes and Eircher yiekling an 
inftision as while and clear as spring water^ or with the wood of 
Johan Bnuhin w ith its variegated lines and its red aawdmit j And, 
if lignum rtcphritictrm originated in Me.tico^ why has the long search 
in that countiy for cups made of it bn^en unavailing^ On tlie other 
band, it may be a^ed, How cuutd the mother plant of lignum nephti' 
ticnm be a species of Pterocarpus if^ as HemandeK writes, its com¬ 
pound leaves are composed of nunute leallets sugg^ting those of 
Cimt iiAttinum. or the ultimate divisions of the leaves of Rula ehid^- 
p€nm^ 

Figure 1 shows a leaf of TIumboldt aud Bonpbtid^s original tvpe 
plant of P/cmrvfrjD-Utf pube^cen^ {Pt. ainphi/merijim DC-), to which 

^ Unilrr^ tlAn^-Jiirab. Lignuna n-i^pTi r| U min Ufricaic fWr Dviitschen PhrtrmftiL 
$tl SS-]Ei 4 . 1013 . 
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diilce^ which has tiie largest leaflets of anj of its genus hitheilo 
desi:rilied. 

There b a simple solution to the problem. Two dislinei woods have, 
beyond a doubts called Ugnnm ciephriticuui: polyx* 



the Philippine Archipelago and adjacent islands. Trees of the genus 
l^rocarpiia also occur in AfaxicOt BUd it is pussiHe that eiipa were 
nntde frtim their wood^ hut we hat^ no definite evidence to prove this 
conjecture. 




2S0 REPaRf SM^TH^30N1A^“ INfiTlTtmOSTp, 1915^ 

1. Mexican" LiONuart ^EFHurta uM. 

Tn cfifincctioti with hk work on tlie economic botany of Mexico llie 
writer ha$ fur years been seeking the source of lignum nepliriticunE 
Among otlier woods examined for the blue fluorescence chanicterixiiig 
this wood wci^e siwsimens of branches^ of 

collected by the writer in 1S>07 in ttie vicinity at Agtnieciiljentbefip the 
inftisLon of which gave no evidence of fluorescence^ iti ordinary ttun- 
light. From lliis fact and from the fiict that all specimens seen by 
liim well) either tJiruhi? or tre<s too snniH to yield wood for the 
uiaiiTifacture of bowls or cups^ the writer was inclined to agree with 
Mcillcr in discarding Eysenhj^rdtia us a po&sible souroo of the famous 
wood* In July, ll>Mt how^ever^ specimens of a tiiedicinal wood from 
Mexico were brought to the writer nc&ntnpartied by herbarium mate¬ 
rial from the same tree. It pro veil to be p<di/A!ta^hyti^ 

known by tlie niodern Sfexicans in mnny localities aa pcfJo duJ^* or 
^*svp^t wood/* Its oollecEor had not noticed anything peculiar about 
the color of its infusioii^ but dwelt upon its efficacy ns a cure for 
certain diseases to which fowls are subject in Mexico. The wood was 
i section of a tree trunkn, which depriviui of its hark was 7 cm. in 
diameter, luid which, unlike alt specimens of Ejseiihardtia wood 
hitherto seen by the writer^ consisted chiefly of densse, straight-grained 
dark brnwn heiiiiwood very much like lignum-vuip {CrtMJij/yum 
opeinnJe) in appearance, surrounded by a ring of brownUh-white 
aapwood 5 to 8 mm. thick. A few^ sirinU chips of the lieaitwfjod in 
ordinary lap water tlng)ed the latter a golden yellow, which soon 
deojiened to orange and appeared like amber when lield lictween the 
eye and w indow/ ITlicn the glass vial containing the liquid was held 
against a dark background llic liquid glowed with a beautiful peacock 
iliiorescence very niiich like Uial seen in i|ninine. Placed purtty in 
a sunbeam bsilf of tlie liquid appeared yellow and the otlier half 
blue; and when the minJight was fca^used upon it by the ht\M of a 
common reading glass, the vial np|>eared to be filled with radiant 
gold |io net rated by a shaft of pure cobalt. There was no longer any 
doubt m to tlio identity of the wood. It could only }>c the ^lexican 
Hgrium nephritienni of Robei-t Boylc*s experiments, tmiJ it was un¬ 
doubtedly the wood of Bi;^en&4irdt{a a trw; witli small 

]ilnouie]y crompouiid leav^ wdiicb lujgbt indeed siiggc^ those of ^ 
chick-pea or of the common wild me of Spain, and with spikes of 
«inall flowcoi which had turned yellowish in drying, corresjxmding 
well with Hcmande^^^a description, of the coatl of die Aj^tecs. 

Plate 8 sliowH a photogiaph of a section of the wixid of Ej/nen^ 
/itmttia p^l^itaehr/a together with the botiinical mater! ai which 
served to identify iU 
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Qilps of the sapw-oofi tinged tap wbUt only slightly nt fii-st, but 
wlien left overnight the infusion deepened tv n greenish yellow and 
glowed witli n descided iluorescence. iVith distilled water neither the 
siLjiwooil nor the heartwood produced nuortsscotiec ns seen liy imlL- 
nun' sunlight; but tide phenoinenou was distinclly visible when, at 
the suggestion of Dr, Ai'no Vielioever, phivniiaeognosist of the Bii’ 
roiiU of Chemistry, tl;esc infusions were held in the ultra-violet rays 
if u Ituorcsccnco lamp} and it was nlra displayed in ordinary day¬ 
light, when a SJiutll amount nf carbonate of oodinm or other iiLkali 
was added to tlie infuEions of the wood in distilled water. Bv boiling 
chips of the wood in tap water for several hours a deep iimber- 
coloiictl e.^tmet was obtained not unlike AfEtdcira wine in color, 
Tllien placed on tbe table before a window the surface of this ex¬ 
tract appc£ii\^d to be outlined by a deep blue marginal ring, and 
when held away from tiic light or when the light fell upon it ob¬ 
liquely the fltioresccnce of tlie li^juid gave it an o|ialesccnt iipijearanoc 
not unlike Hint of I'ortain luinerul oils. A drop of the extract in a 
gl]i£<; of water eautied the whole glass to glow with fluorescence 
when held in the rays of the sun admitted through a hole in a screen. 

.Vt the residence of Dr. Alexander fJrahara Bell, in 'IVashlngton. on 
the evening of Jnnirary 6, 191,"), where the wo{h1 and aceorupiiiiying 
herbarium matcriul were shown by the ivriter, specimens of the in¬ 
fusion exhibited by ordinary electric light failed to show flnores- 
cem^e; hut afterwards, when lield in the niys of an are light, the 
liquid glow'ed with nn inteiifie blue ligiit which illuminated the faces 
of tJiuse shtndlng near by. 

Experiments were made by Dr. Lyman J, Briggs, biophysicist 
of the Bureau of Pliint Industry, with a view to detertnine the 
posaihle v-nluo <if lignum nepliriticum as an indicator in titrimetric 
determinations. The result of Dr. Briggii's observation have not 
Wii published, but he recognized at once the advantage which tllis, 
like other lluorasocnt substancsi, murii have over thuuso indicators 
wldch show color chongea only by transmitted light, especially in 
testing dark liquids, in which tlie color of the liquid masks the wlnr 
rimngoa of the indicator, Eysenlmrdtm wood Las a great advantage 
over fUiorescem itself, from the fact that its extract is readily 
wdnble in cold water. With most acids it does not fluoresce, but 
in the presence of acetic acid its fluorescence is nut destroyed It 
can not, therefore, be used ns an mdication of albaUnity in all cases. 
As compared witli phenolphthalein it has a neutral point nearer the 
acid end of the scale; that Ls to say, it will fluoresce in a solution in 
whicli phenolpbtlifllein develops no color w hatever. 

Plate ! 13 a colored drawing by Mr. J. M. Shull, showing ii 
of the wood of ^ijitenhoriflm pofj/gfacht/ti, together with an 
mfu.sioii in tap water of the sapwood, in the smaller pUiak, and an 
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txtT-uct of tic hea.rtTvood id the larger phtaU^ also in tap vrnter chon- 
taining a siunll [>erceDtage flf Umo, The outer pUials are repre- 
feotetl with the light ^h{nh:kg through them; the iiiuer ones* ugainbt 
ilw hlnciv hiLckgraiiuil^ tlisplay the tluoi^escence* as seen by rcilecteJ 
light. 

riate ti h n colored drnwliig by Mrs. R E. Gamble of two phiuls 
coutamiDg an extract of Eysonhardtia wood in distilled watery mude 
alightly alkutme by the addition of a little earbouato of scKHipn- 
The Husk against tho dark background is inominated by light emu- 
ing obliquely from the left; the other Hask is shown aguinsit the light, 
with tho surface of the deep amber'Colorcd extract bounded by a 
bluish circle. 


UOTANIGAXj DESCRIPTION. 

The plant positively identiSed as yielding the lignum nephiitiooiu 
mexicanum of Ilornandej^ and Eobert Boyle may he described briedy 
as follows (si?c pL 3): 

EjMnhimStia potjatAchya litrtcipi^ ^Sara-i'uL ISUv. Anx3;li0. 1S&2. (Rscl. 

Toxnii rcrffJTMieeaJ, 

Vihitri^uia Ortega* HorL llatr. Dee. a:Ol;L pJ*. ItOS;. 

f'.Sfti^akanlfki (faiorpA^fi^ci II. B. K. Xov. (ieii. et jjl. 

■F^ircnpiffl ;|iOl|pffncApii (Ort.) DC. Prorir. OUvii, Tt^rpn, 

4110 . 

^Vii erect, sweetly aromatic shrub or simiLI treci glandular-punctate, 
with spreading, recurved branchi^ Leaves even-piunate or odd- 
pinnate, with numerous anudl opposite or alternate stipellnte kafleta; 
leancta ovah or oblong-eUiptical, entire, usually decreasing in siae 
toward the ei^tremity of the raehis, the terminal one of odd-pinnate 
leaves often obcordatc, tlie others rounded or slightly rctuse at 
tiiu apex and often terminating in a slrort acumen, pubescent when 
yoimg, sometimed becoming glabratOf nenally punctate with glandu¬ 
lar dots on tlic low^er surface, Flowers fragrant, small, white, turn¬ 
ing yellow in drying, borne in tcmiiaal densely spiOLEtc riicemes; 
pciliiC^eb subtended by a lanceolate deciduous bracteole, stiort aud 
nlondcr, often reSexed at lengthy but sometimes ascending or widely 
spreading; calyx glandular-puncUte, fi-tontlicd, persistent; rcirolla 
scarcely at all papilionaceous* comtKised of 5 nearly equal nnguicu- 
Intr petals; the standard sligtitly broader tluin the wings and keel, 
eiuni^nate, carinate, with involute inargLiLs; stauione 10, diadelpbous, 
the superior one free, the filaments of the others umtcil iiitcs a tube; 
ovary subsessile, oblong, compressed, terminating in a slender style* 
somewhat longer than the stamens* genicidate and glandular belou^ 
the npex; stigma introrse. Legume very small* oblong, compnas.=cd 
flnt^ subfaicate or almost strai^t* subtended by tlie persistent coJyx 


Rn»rt, Ilia— 


PmT£ 4* 



S£CT1D1N DF wogn OF EvsEMHAR&TIA TOLYSTACHy^i WITH 
OF AQOO AHQ H^T-WOO^. 




SmhdMMtkh 


PUtTE B. 



6)fTWT OF EVSENHM40TU WOOO N& SEEN ^fiAtNST THE UQWT ANO ** 
ASAINST A DARK eACKSMHiNE* 



LIGNUM NEPHttlTICUM’—SAFFOED. 


2S8 


□ad .ipp«1 by th. p.rebd.« b»a. «( llw 

puMtote. indcWsccnt, pendent or nbruptly refleiod, e emctim as »idsly 
^pnsodms or oeenoding. tad never e^t end nppt^ porpUA 
nt the apex when fresh, usually tontoining u single se*^ near the apex. 

The earliest description of tins plant was tliat of HemandiK, us 
already indicated, which, though written about the yci.r re¬ 

mained unpublLshed until 1015, when k appaml m Iho form of 
XimeuM's .Spanish tioiislation of tlic ofiginal Xdfttm, m Mcmco Lity. 
t>f the identity of Horniincksi;’'& plntit there mq be no doubt; for i 
had small pinnately oompoiin<l leaves ,<aiggt^ing tho» of a gar^ anvto 
(CiiLr arietintm). but smaller and almoat like tiie pintwtcly dmdet 
leaves of tlic coumion rue [flvia chidupcn^^i) ^ though “ 

larcrr. a mean between these two estremesi and small longish (low^ 
ers, vellow and delicate, arranged in spikes,” According to Hernan¬ 
dez it CTtws in moderately warm regions like tlie \ alley of Mexico, 
and still warmer ritmitions like tiimchinauf^ [in the 
of Piieblal, Chimalhiiacati [in the district of Tcxcoco], Chaleo, and 
Tcouzthm [near Cuernavaca, State of Morelosl, and almost through¬ 
out the entire extent of the mal pais [tlio or lava beds] of 

Covohiiucan? and in mony other places. 

TTie first botanical description of the plant, in the modern sense 
of the word, was that of nomex Ortega, in 1738, as cited above l but 



editioti of hicrimJiaez s iic 

slightest Idcu that his Vihoniuin, grown in the Koval (mrden of 
Madrid from seeds sent by Sess6 from Mexico, hud any oonnechou 
whatever with lignum nephriticum, or even that its wood would yield 

ft Uuorescent infuidon. ^ ■ i ..j 

Ortega named the genua in honor of ' iborq, most distinguisliea 
nrofea^r of the botanical garden of Coiwnhagen, who, when recently 
he ioumeved through Spain and risited Madrid, left in us a deep 
appreciation of his kindliness and convcrsotion, Unfortunnlely, 
die generic name Vibor^piia had, according to tlic laws of nomcn- 
dfttui-e, to be abandoned on accoimt of its prior use by ^loeiich of 
Marburg for another genus (written ViborgiB) named for the same, 
man (ITlHl, and the much later name, Eysenhardtin of Humboldt. 
Bonphmd and Kunth, proposed in 1823, had to be Bubslitiited for it. 
Ill this connection it is also interesting to note that Humboldt and 
Bonpland. like Ortega, had no idea of the connection of their plant 
with lignum nephriticum. _ 

i“r>e Co»Ul, Hvrt ,n|aM CMl«l. fiumn ^111 TJopnfK, wiU wfUlrtPiiiit 

VWSWU. Irulrt «i matniM. folllii Clwrp. minoi-ieoi Uun™. 

««sl flon* lutpu H*»isTi«>t«€Dn. HI I tuniioKiiiP, iwiiiN»u« m 

spiau."'—UeresaflM. «*. iiatr., i; Jna. iTOi), 
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Oj'tpgft’'s ori^iiul figure of sliowing the 

young knives whh htipels nt the base of the lenflci^ the flou^crs in 
apicaLe nicemes just beginning to bloonif imd the refle^ed \^d pods, 
together with detnib of the flower ami fnni. is rupminceii in the 
Joiimul of the Washington Aeaiktny of Sciencep, voU [mgc 512, 
figure 1, 1M5. 

VAKtAsturr, 






h'lji^ef^AanWo p^ysinchya^ as understood by the author^ is remark' 
ably variable Jn and form of teavm density of piiliesccnoe* and 

appearance of seed pods. It some¬ 
times occurs AS a stunted bush with 
very small leufieta, ^metimes as a 
spreading shrub with straight ttems 
and recurved branehes, and some- 
limcd as a slender tree of dimen¬ 
sions sufficient to fntnisb a valuable 
cabinet wood. 

A distinction has been made be¬ 
tween the forms baviiig reSexed 
seed podSf as ^lown in plate 3 and 
in figure I i, and those with ascend¬ 
ing or spreading poiJa, ns shown in 
figure but in certain locniitic^ 
as in the barranciw of the Stale of 
Jalisco, closely allied forms occur 
almost side by side, Bome u'itli rr- 
flejtcd and others with Bpreading or 
ascending seed pods; but the latter 
can never l>e eon fused with tlie 
closely Appi^essed ptxk of the dwarf 
f^yi^^nKitrdifa texami, ^own in fig- 
lire 1 OL Figure 3 shows a subglci- 
brous fomi with veiy pronounced 
glaiidtilur dots on the leaQets and 
with spreading seed pads almost 
hirg^ as t}io?% of the typical phxnL 
account of this tendenc}^ to vary it is difficult to delimit the 
^pecicij. It is quite certain, however, tlmt EyitenAardtia tejrujia 
.Schcele, the type of w hich w as collected by Llndbeimer in the vicinity 
of New‘ Braunfels, Texas, is a valid species quite distinct from 
p^lysiaehya of central and southern Mexico, Figiire 2 shows the 
fruits of the two species side by side, a, Eyi^enhardtia in 

fruit, dmwii from u specimen of the type collation, showing the 
appressdii subfalcate pods; Ey^mhardiUtr paiysiu^hya^ allowing 


TtS . 1 .—FmJlt 43I £jiniihiudll^ AscastAmg 
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t!ic reflpxftl nlmrist (jods, lik<* tlicw Ja Ortegirs Hgiirc n I ready 

referred ti>. 

It is sIbo <{uite prebable that the more mbust EtjMnhm'^tia adeno- 
Haillon of GnatemalD la o ralld species, with poda liud lea%'ps 
mneh larger than the typical E, poli/9tachya^ A leaf of this species 
is shown in figure 1, On the other hand, Etjscnhirdtta ntilui- 
taffni Watson. Imsed ujwn E, amorpAoiVw var. arthoettrpa Gniy, 
collei'tcd hy Charles ’Wright in Sonora, approaches so closely to 
forms of E, of centra] and soiithern Mexico that it can 

scarcely be separated from that species, Watson recogolzed that 


lOn. QwKAcndHv jicITiiKkr^.» Jullnm fi»m wfth ipnaaillf fnin. 

the plants witJi straigiit relieved poda, referred by him to E, ortko^ 
forpoy were sjjccifically dieting from Lindheimera Texas plant, 
w^ich was erroneously believed to be identical with A’. pol^Hwhsa 
{E. trni&rphcid^H fl. B, K*>* E. it^ana Sehoe[e ha^ much siunlW 
leaves iitid fewer leaflets, und its pods arv ttSt^cndin^ on the raeUis 
IInd snbfIIk-Dto-incurved, as shown in figure 2. The group of tow 
plants bidiidtiig Et/ttt&htrdtta tpino 9 <t Etigdmann, E. petrH- 
folM Brandegeo, niifl E. pemwfuhir^ Brandegee, is so distinct from 
typical kyscnliardtia that it may possibly have to be removed from 
this ^!nus- To die recently described £. Olhsma Sadord I have 
already referred in the footnote on page 2T&, 
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The gcDiis Eysenhcirdtia is conHncd to AmericiL Its rnng^ ex¬ 
tends from Texas imd Ariaaonti on the north to Gtmtemaln on the 
Bouth. On the elevated plaiteau of northern bfexico it nsiiiillj grows 
as 0 shrub about 2 meters high, in southeiTi Mexico as a tree 6 to 8 
meters high, jieltlitig wood which U valued for cabinet purposes. 
It Is probably this wood which Pudre t'oijo had in mind, whim he 
described ih% **iirbol de la immoitalidad; and^ as llie wofx] resem¬ 
bles ligniini-vitae, it is possible that the hitter suggested the name 
which Cobo applied to it and led to its incorrect identilieation as 
a species of Gnaiaciun, whicJi appears in DragendorlFs Hellpflaiueen. 
r^ot far fnm Mexico City, on the pedregal^ or hiva beds, a low form 
with small pubescent leaves circuits, which may po^ibly prove to be a 
distinct species. 

In the Herlmnuni of the rriited States National Mnscum arc 
specimens of Ej/senJiardtm polifsta^hffa from the Jlexican Slates of 
Sonoi'ti, Cliihiiahna* Nuevo Ijeon* Tamaiilipii^ San Luk Potosi, 
Conhuila, Aguascalkntes, Jahseo, Guerrero^ Oaxaca, and .Michoaeunp 
The pknt also grows in the State of (Tiiatiajuate (according to 
Diig^K fm the volcanic slopes of the Xevado of Colima near the 
Pacific coast, and on Orizaba, near the Gulf coiud. Specimens grow¬ 
ing on the high watershed between Chilapa and Tivtla, in the State 
of Guerrem, w'en? collected by Mr. W, NehmUj of the IT^ 
S, Biological Siinev (No. 2159), and in tlie State of Oaxaca at 
elevatEons of 1^500 to I.KK) meterg, usually on the elopes of deep 
barrancas. It aleo occurs in JaUiico* on the sides of the great bar- 
runca of Guadalajara, where it was coUccted by C G. Pringle (No. 
S7G2 and No* 97o2)^ the barranca of ^loehitilLio, cited by Oliva i and 
hetwgen Guadalnjai^a and Bnlanos, where it was mllectetl bv Dr. 
J, N, Rose (No. On a herbarium specimen collected by Lan- 

glas^ (No. 226) in tile State of Michoncan, at the stntion of I 41 
.Tiinta, the tree is described by the ctolleetor as an *^arbro au tronc 
elanc^i bc»is, recherchfi pour ^Wnistcrie, produit une teintnr^ bleneJ^ 

A photograph of tho specimens from Tamiiulipus des^cribed in this 
paper is shown on plate 3 (opp. p. 2S0) and the wood with its in¬ 
fusion on the cohered plate 4. 

STHUCTUne 01^ Tim wo<u>. 

Microscopic sections of the wood of Ei/itfmhfrdtia 
wtre made at the writer's reque^ by Dr. Albert Mann, plant mor¬ 
phologist of the Biireiiu of Plant Industry, and by Mn C. D. Mell, 
recently attached to the Poresit Service as aasi^ant dendrologist, now 
attached to the Bureau of Chemistry, Dr. Mann found the heart- 
wood to be extremely compact, heavily lignified, and impregnated 
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witli jDecuUttc stibstnnee TrhicU could be cailled neitbcr o resin nor 
a insoiublc in water, and not brenlcing down in, aicobol or 

s.vlol. This substance nj contained in pitted tracheae, or tubulai' 
vessels, which in a cross section appear like pores either solitari' or 
in gr<iups of two or three, fiadial and tan|pintTiil sections show the 
pitted tracheae throughout their length either partly or entirely 
fiUetl with the resia-liko substance, and they also show the medullary 
or pith ni3's, w’hich in the cross scetjons arc quite inconspicuous. 
The annular lines of growth, howpTcr, are well marked in the cross 
sections 

The accompimviug drawings (p, 28^) were made by Mi^, Gamble 
fniiii photographs of sections of the wood of Eysinkardtta poly- 
stfif'hya cut by .Mr. C. D, Mell. Figure 4 shows b cross section of 
the wood in which the annular lines of growth, a, the tracheae, i, 
either empty or contnining the resin-like ptibstance, und the inter¬ 
vening wood purcnchyuia, r, are indicated. Figure fi show a a ra¬ 
dial Bcetion in which the pitted tracheae, h, either empty or con¬ 
taining tho iTsinoid substance, the intervening wood parencltv-ma, 
r, and tho transverse metlullary raj's are shown throughout their 
length. Figure 6 shows a tangential section in which the tracheae. 6. 
appear very much as in the radial section, but the medullary rays, d. 
are only seen in cress section between the tracheae and the mass of 
wcKxJ parenchynij^^ 

flornrE of m FLuoREgcEscF, 

EiperimenU ivere made to determine the Bource of the flnoi^sceuco 
of Eysenhardtiu wood by Dr. Arno Viehoever, pharmacognosist of 
the Bureau of Chemistry, aEsisted by his collaborators, Mr. C. O. 
Ewing and Hr. J. F. Clevenger. TTie results obtained ehour that 
the iluoresccncc ia not inherent in tho resin-Jike substance containotl 
in the pitted^ Lraehete. This Is quite insoluble in water, while the 
wilifjtance which eaitecs the fliiore^urenc^ b freely soliiliTe even iii cold 
water us alrejidy stated. It is somewhat less srdiibie in alcohol and 
scarcely at all so in chloroform and ether, rnfortunatelv the umouni 
of matenul available was too smalt, to obtain with wrtaintT the 
flucijT?sceiit in cTystiiJline fortm. 

The fluorescing power of the wood is so great thnt an extract of 
one part of the wood in one hundred-thoiiaand parts of wuter or al- 
colml. after haying been made alkaline, showed a distinct fluoroscenco 
in diffused daylight, and when diluted to a ratio of one to one milijon 
a fluortyscencc could still be detected in the rays of a fluorescence 
lamp. Tti very attenuate solutions the fluorescence is bluish; in more 
conerntrnted aohitions it m distinctly yellowish green. 

Under a fluorescence microscope dry'wood-sections showed u rather 
uniform fluoresccnoe with some very minute bright spots. Sections 
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[HOUDtcd in boriix-^lyetrint^ (one [ittil to ti;n) diowed ti gtccnidi 
veil of fltioit¥ 0 &nde due to difFLis^ioiu ^Inle gectioixs from wliidi the 
thion?sCTnt substance had bceti completely extracted with boiling 
water Imd lost D%'ery vestigo of fluorcKrence, though the resm-liko 
ma«®ca remained nridijssolvctl m the pitted truchcft^ Tim siihstanoe 
jrroved to be remarkably reststant^ Dr. Mann had already found that 
it would not break up in alcohol fir .vylol,. Mr. Clevenger’s experi- 
tnent^ rdiowcd further that it was also itifcoluhle under ordinary tem- 
peratui-es in chloral hydrate* benii&ol* |5etrokum ether^ ehlomformj 
50 per f-ent potofeiuiii hydrate^ 10 per cent sulphuric acidj 10 per 
cent hydrocIilDric acid^ and rarbuu bisulphide^ 

II- PiJiuppiNE Lignum NeruKiTicuM^ 

The early history of the Philippine lignimi nephriticum ia clo^ly 
aSi^iGciiited w'itli the debiiits^ who concerned themselves wherever 
they went not only with thdr religious duties, hut with seientiSe 
mvestigatinu In many fields. The finst wntten account of it (ITOl) 
w'as that of the Rev- Georgo Joseph KameL or Caniellus^ in honor 
of whoni the well-known genus Camellia vi^as named. Although 
from a botanical point of view his di^riptiou waa inadequate, yet 
ho established its identity beyond a douht by giving its vemacukr 
names: Rcrr™, and Tl^o ^vood itself he describes as 

‘^frora broivnish to reddish, turning water, in which it is fsoaked to 
K sea^bhie color,^ ^ and he calls attention to its medicinal virtues, 
especially as a remedy for renal cnleuluBL 

oEioix OF cx^rs. 

Another J^s^iL Pathcr Delgado^ speaks «jf die wood under the 
same common names and tells of cijps made of it in southcni Luzon^ 
which lie jiicntitles with siniihir cups he had seen at Cmllz about 
tlic year 1700, w^hen ho was a child; and it wsis from the procurator 
of die Society of Jesus in Mexico Uiat the Jesuit IGrcher received 
the famous enp of lignum nephritiemn, with which he performed 
his experiments already cited “on a certain wonderful wood, color* 
ing water oil kinds of colors-*^ 

Delgado tells of two Jrimla of nags, or naira, one rose etdored, 
which lie calls the male wood^ and the other, much paler in color or 
white, wddcli ho calls female vrood- ITe tells of tree^ of both the red 
and white wood of enomious dimensions, yielding boards of auch 

I'^JJ^Tinj EX Enbfoaco rttfaftcHui^ EqnEm Id tiLp B3H«r«tttr cqIocf. iRftdEna cfutMtUL'*— 
CamEaui, n. J. FniEt, ^ ArH. hUttitiU id Jic. P^rtiTGrlDiD- nhattUir, 

iTni, In HnUtu. Joan*. iflaL FImhU wol JL TU. 1T(H- 

ISUIS*—mu inio-ID 
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jrri'dt wH)th tVint 0 single fjrie “sulTIceth fnr miikipg !i door nr tt ttihle/’ 
Aflor pi'jiislng the wt^od for its iisefijlticf$a for constfijotioii piirfws€s 
und for its durubiliiy wbon exposed to moisture, he s[)eaks of its 
reputed medicinul virtues, end ndds: 

Tlie city mllwl Stievn Cacom by tlie Spotilurils bcjira amotii; Tlir nntlyw tlu? 
tiHine Nafin, on nrcounl rjf the nbundnnce of tl;l9 tree tliroueliout UioSe prov- 
JtiRM of C4itiiaritw« mill Alliay, ■srhcre they mrce yiery ciirloiu mxw out of It for 
tlrlnbloj? ivuii-r, 'rhosv trmilo of fcnmlo naca tin? much the bofter. for tJils wooil 
tluKfth tlie wntor very iiolcMly to a «lrstliil ™lor. tiiiin- (jnlekly thiin tlie tiinlr, 
Tlwwe cuiH fttip much ofiUH'uiiKl In Eutopo ami nre reHnofed tw a prtfi well wiirtJiy 
of ntiy prtnrr. Out uf one of Uicso ctrpa tlwy rtmilu wo drUik ^tJipd I was « 
vlilW. In Cmlit, lu) a rtiawly for hiilrniwy fliul omillutlon, udU 1 tlilali that It 
jiilKht Jmvo ini- fm*} I not tlmuk tw tnuiML* 

Tlii^ desc ription of Tkilgado, TTritt^^n in ITSKbut mrimining nnpiib- 
Iished (IBtil I8^2j CTii^mJy citninecl^ tlie Philippic wooilen 
ivitli those of Kircher ond Banliin, wliirli retilly ivere piTHeiited to 
nil emperor iijid to n noldo duke. Tiideed, it is (|ulte probablE thjit tlie 
wood originally describei] by Jfonnides ivns of Philippine instead of 
Jfexiran origin; for it must lie bome in mind that for n long tiiiio 
after the discovery of Aiuericn the only ti'iido route from the Philip^ 
pitiiffi to^Spain was by way of Ifexieo, and many pniducts of the 

IndiPs ottribuik'd to New Spoin (Mesjeo) were rctilly of Pluliu^ 
pmo or East Indian origin. Tho ‘"white” wooil of wliieb Kirebers 
cup was made might well have Iteeu the pale norra or"" fenmio " wo.«l 
wbifh fitmi long continneil use yielded a very paJo or cvon white 
mfiiKion,,^ and the variegMled w(K)d yielding red sawdust, described 
and ligiired by Ibiuhin, was witbont doubt tho red or “ male ” nnrra 
of the i^Jiilippinesu 

Th(‘M' two kinds of woo<] were Ixdievwl by Padre Elnneo to romo 
f^m distinct sjiccies of Pter«-,irpiis. He descrilied tho treo yieldina 
tfie pnle wood asa new species,,vhi!e be errone- 
oi^iy referred the rod wood to the Eu^t Indian 

w hich IS the amroe of the well-known ‘‘red-sanders wood ” 
of comiuerre.» The %'emncular nnraes given by him for tbsie trees 
aro tiopi^ (JaitdBap^ aqd upalit. 

pXtl"’ ®“"r 1ms bee,, bientiSH eith 

Fe^carpm mdici«, a species previously descritied from the little 
island of AmiMiyiia m tho Malay Archipelago; luiij hitt so-called P 
,piito diftinrt from the yoimger Idnrmens's specie, of that 
name has been named by Mr. E. D, Morrill 

as Ml, Mcrnil lias already suggested,* it is so veiw dose f,* tbJ finil 
*i^l^t itj^ic^iaps notspecifirally distinct from iT 

Jierrtii, K. n. rhiUfriau JiHini. cf j, ;. ^ ^ ^ 
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Specimens of nnirs irnod from the Province of Ciigayan. Edmiil 
of Lii^nn* were obtiiioecl by Uie writer from the newly inf^tnlled wood 
c^ollection in the United St^ites Nutiomil Musentu. Ttiu etijJWtPtfHl, 
beantifTilly flesh tinted, with pule, red lines of ffrowth, tinij with 
lar^e, conspicuous pores, bo(3irs little i^^iniilatn^e to that of Eysen- 
hardtiu bnl Joes resemble the pn^um indinnumr figured by Johun 
Buuhin, iMoreover, it h almost ns soft as cedur iiiul its gruin is more 
or Ic^ twisted, w'hile the diirk-colored heartw'ood of Eysscnhunltiii 
IB hard, like lignum-vital, and its gtnin 13 clt^ and straights Tlib 
wontl had formeil [>art of the Pliilitipine collection nt the St- I^niis 
Exposition in 1904, where it had Ijcim eshihited as n valnablo 
iiinher and cainiiet wood. No notes on the flaoresccnco of \is in- 
ftLsion accompanied the s|>0ciifien^, nor any Liidicatiun that tbo wood 
is listed medicinally. On placing a few chips of the wcK^d in or- 
diniijy tap water the hitter soon Itccajiie tinged a yelloiv culnr^ which 
deepened at length to orange, [l]si>laylng a most Ifcautlful tiuorcB- 
cence hartlly to Ik? distinguislied from that of EyscnhiLriUia wikhI. 
At tlio nH|uest of the w riter a cup was ttimed from this \vo*^d by Mr* 
da flies B. Conner, of the Imited States Depailuient of Agriculture; 
and water, when allowed to stand in this cup, showed the siima 
color effects as those descril)ed hj Baiihin. Like tlie water in his 
mips the infusion assumed in a shoit time wonderful hhm tind 
yeUow color, and when held up again:^ the lijdit lieautifully i^m- 
Lied Uie varying c4>Ior of ilie opal, giving forth rellections, in that 
geiik of Jiery yellowr, hright red. glowing purple, and sea green most 
womlerful to iiehold." This Infusion as seen in a glass flask. t<> 
geflier w ith the enp describeil above, \b shown on plnt^^ 1 {t>PP* P- 
reprtHhiced from a water^jolor drawing By Mrs. IL E. Gamble. 

IKITATtlCAL l>E3Cf!Tl-riON. 

Hie genus Pterocarpiis, lK!ltingijig to the Ije^iminosie, liears Ititlo 
resemblance to Evsietiliarfltia. although, a& in that geniLS, the frnit 
is ati indehisceiit onv-seeded ptid, and tlie leaves are pinnutely com- 
[loiind with lar^]^ ienflets akemato or opposite, but without stipels. 
The yellow, papilionaceous flowers arc bime in panided racemes 
nud the i>ediccls are Jointed at ttie apex. Tlic turbinate, or top- 
sha[wcl, calyx curved Iwforo opening* bears fi short teeth, ± pl>ove and 
;i l>e|rtw\ The exserted |>ctal.s arc narrowed at the base intir long, 
Blender elaivs, niu] the bnaul j^Uinilaid ami wings are rrispuMb or 
frilU^L around the margin, while the koe] linear* The androGcliim 
is diadelplifiiiHi ccmsjstiiig of 1 free stamen nn<l fl fitamens united into 
a sheath whicli is slit either above iinfl below oi- only above. The 
lii-ovulcd ovary borne on a short skLlk mid bciLring un incurved stvie 
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iJi'velrips into n brgc l-aeedvii ortnciilnr indchieccnt ptxl surrounded 
by a brotid, rigid membronoMs wing with tbo jjoint on one side or 
tiirneil toward ibc baGe. The tree yielding the Philippine lignum 
nephriticum may be dcBciibed ms follows; 

Tterocarpu^ lndln» WIlliL Sp. PL 3: 0W, ISOO; Pnilii. Inaiuii Forailry 2S. 

Aiipt>ji[|. 3: T. ISOQl 

i'tcrocnrpaM pttUutv* Blanco, Elaru FlUtii JKKIL IKtT, 

A Itirge forest tree with n tronk often provided with brnml but¬ 
tresses w'ith drooping brnnrbes. Leaves 8 to 10 Indies long, eom- 
ptjsed of Tt to 3 usually nltemute bullets; tliese 2 to i indies long and 
11 to 2 indies wldOj the teritiluid one usually the largest) ovutf witli 
rounded, mitly tapering base and rounded, abruptly and obtusely 
ucuiiiinato tUKs, the main uervies hardly more prominent than the 
i3?«mdary bencatli, In^orescence composed of kx panicles, little 
branched, all except the endmost one issuing from the axils of leaves, 
peduncle long, raebts and pediceLt glabresccnt; pedicels thrEC-tentha 
of on inch long with two linear caducous bmcteoles ut the jointed 
opex. Flowers yellow, corolla pupiltonat^us, twice as long ns the 
Calyx, the Standard and wings frilled on the margins, Pod arhicttlar 
broadly ivinged, home on a stipe thi-ee-tenths of an inch long, the 
style on one side, some distance from the base, the margin of the 
wing hctw'cen the stipe and the style convex. 

Piute fi is reproduced from a photograph of a specimen of Pfero* 
t-arpa* iiidiou* in the United States National Horbtiriinn, together 
with n piece of the wocid from wtiich the enp shown in plate 1 was 
turned. 

This siiecies, which is endemic in tho Philippines and tlie Malay 
Archipelago, has been iutmduced os a shade tree in many loralitira 
in the tropics. jVtKording to Major Prain, it does not occur spon¬ 
taneously either in India or Ihirma, hut tfc has been confused with 
the well-known padouk (Pterocarptig macrocarpus Knrz) which is 
endemic in the vicinity of Jlnmloky and in other parts of Burma- It 
ifi mteresting to note that the wood of tho Burmao pndouk varies in 
color very much like that of the Pldlippine narca, and it is impos- 
Hble ill the forest to distinguish a tree yielding red padouk from one 
yielding yellow or pftlc'colonttl wtaid. 

The genus Pterocarpus, as Ptain has pointed out, is en exceed- 
iiigly import nut one. In addition to the narra and padouk already 
mentioned, it includes the trees that yield the gum kino of comment 
(PteftJCOr/iiHt viartupium Roxb.), endemic in India and Ceylon; the 
red Sanders {Pteracarpus gantaHtvus !>,>, a much smaller tree of 
eoutheni India, usnally with 3-foliolate leaves; and tlie .Udanaan 
vermilion, or redwood {Pterocarpus dalbarpioulcs Roxb.) which 
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by intiny botjini^ hns JiillierUi confiiseil with Pt^rocarptM ww//- 
n/jf, but whicti Pnbri lui^ diown to lie quite distinct, ^p^ituciisi of 
piiilouk iintl of Auciaimaii redwood were obtuined from the ntMid col¬ 
lection of the United States KatioaLiI Musciiin^ Only one variety of 
the former wiiii sieciircJ. a bcimtiful red wood with dijsiinci diirk an- 
Qular lines of growth- Of the .^Ji^biuian wood there wa^s ait abun- 
diiuee of msiterial of j^veral varieties, deep searkt (front which its 
Americsin trade tiatuCi ^ vermilion nvood*” is derived) \ farowniislii 
tending to flesh-color; and with mixed red and brownbli i^treaka- 
Cliips of the deep-red Andaman wood when soaked irt ordinnry tap 
water scarcely colored it at all, and showed no tluore^t^ce in ordi¬ 
nary simlipliL t'hips of both padouk and of pale-colorcd .Vndaman 
Avood^ on the other handr yteided a dhstinctly flnore^nt infiisiom 

srmt'tT’rttE OF rjiK wocm. 

Microscopic sections of Lite wood of Plerotf&rpus and P^ 

dnlherf/imilcit were stndie<l hy Dr. Arno Viehoever, jihurmuco^iosist 
of tlie Hureau of Chemistry, ftnd hi^ aFsifttfOit^ F, Ckvengcr- 

Thry found that the resistant resin I ike bodies ocenrrirtg in the large 
pitted trachcie of EyH^nhat^lm pot^jst^chju were absent in both 
species of Pteroearpus. 

The c<ilor of the Ptcrwttr{his tvooii is ca^u^l by eertain colored 
bodies pre^9Cn| in variable quantities in tdl pm'Ls of the wood. A 
study of dUtinct rod masses^ occurring chielly in the mcdulkry ray 
cells of tlic sapwDcxl and heartAvood (red and light colored streak) 
<d Pi€r&carpiiJt daffnirffioldcs,. shows a variation not only m the 
nuniher of Lhe$e musses but also in dieir soltibility^ Solubility tests 
Avere carried out Avith tliiii sections and qfoserved under the inicro- 
seopa with Iho following reagents: \\"titer^ aljanlule alcohol, iicetone, 
cliLorofortn, etlier. pclrokutu ether, concent^itiHl hy^lroidiloric acid, 
50 per cent potaH^slum hyikoxide and lumnonium, at room temi>crA- 
luri*, giving tlie following results: In the sapAAood the eoloreti bodies, 
which rektiA^ely scfiree, were imt dissolved in any of the reagents. 
In the light-coioml streak the coloi'cd bodies avctv soluble in 50 per 
cent potaasiuni hydroxide and aintnonium. Tti the ttil wood the 
colored bodies, being abundant, Avere readily ^lubk in absoTuto 
alcohol, acetone. 50 per cent iiotassium hydroxide ami ammonium^ 

In Pitr^arpfiv indkm yellowkh brown bodies found almost en¬ 
tirely in the ms?*!Hilary ray cells, occur somewhat Jiffused tlinruighout 
the celU ill ndnutc granules anti m somowInvL larger mussei^ near 
the end of the celb. These masses are li^ definitely ouCliueil than 
the red bodies of Pierocairpm d^Ih^rffwid^si and were soluble in 
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ivsituFj iW per cent potassium liyJroxitle^ and fi per ecu I hjdrochlom 
acid. 

To determine the flimrcsoing' power in the wrjfHl of Pf^romrpm 
liufhits and P. dal/ierffiokl^ffy pieces of each of knovni weii^ht were 
irivaled with hot ^l^sohite iilcoho]. On the ndditiem of « few drop.s 
uf nlkali. Hufarest'Ciice was shown in eaeli extract* I'he process 
■was ctmtiiiucd until (liiorcscence eonld no longer W detected Uy means 
of tlie fluorescence lump. After the alcohol extraction was enm- 
pletcd, the Biime dimples w^erc boiled in water imti! no fnrttier 
fliinrejict^iee could tn? oliserveiL Tln^ resnlts »lemon stra ted llie fad 
fliEtt stronger fluorcseen<x! wa^ ilispluyed hy the aqiieoiiiq oKtraeLs, 
indiciitiiig either that the fluqresciiiff subdanees arc more easily 
^Itihlo in winter llntn in alcnhul or that probably some of tlie lliior- 
esciii^f aiihstancf^ |Htwnt are solulile only in wuter and not in 
alcohol. 

In all cases flnoreiicerirc weis oljserved^ hy means of llie flnoreiicence 
iumih in dilutions than one to one hundml tlinusimd ptirte, 
rxce[>t in the sa[iwocxl of Ptet&en^rpv^ dnIhctffiaideH^ w'hich yielrled 
only II weak fliiorescencr© in the aqueous extrnetp In the Iieartwoca) 
of this ept^cies the bright nnl portions show only slighlly stronger 
fliioreaceneo than the sapworxl, while the paler stiaoks sliow' the 
strongest flnoi'esireiii^e of alL 

"Ilia Philijipine niirm^ Pteroc^pu^ ^tllOwa a much ■stronger 

Huorescenco than any part of the Andaman rt^lwood, as the writer 
has already ftatcNl; hut not so strong the Mexican lignum iicphntj- 
chtOt Pf/^n\haMtiu of ctjual dilution. 

Dry wood seetions showed no fliiore^ge wlien obseiwed in the 
fluorescence microscope. *Vfter mounting them in borax glvceriiie. [| 
greeiLUJi veil of difTuifed liglit was ol^served* There was no evidence 
tlnit the enlorefl Ixidies showed a stronger fliiorescence, Jn fact, the 
fhioresoonco could still tio otjscrred in sections where the eohired 
bdics wore ahnost entirely removed, a?j in the ml hearts ocmK and 
where the color Ixalies are very scarce, ns in the b^t ^pwood^ It 
is therefnre belieied that the red colored bodies are not the cause 
for the Ihmresccnee, 


FRUtTR OF rniTJpPtNT^ PTEROCARPUR. 

Pf^!^or^lrpns Piftneoi b very closely related to P. inrlmis, as Mr* 
.^tornll has already punted out^ difTeriiig from it chicHy in ity Ijirgor 
pods and its relatively numiwer leaflets* Pfer^cHrpm t^r/Unatu^ 
le^ wlin:* also weure in the Philippines is distinguished bv its 
pnckly pofls, and lUi leaflets an sometimes lotis-ariimJnfttfc It wihs 
iiiistaktji Uy \,dii| for Fferecarpm fHmcvua Poir., an Afrieiui 
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specicst Rometimes calkil rosewood^ or Afrie^n rcjsewoodt nncl after* 
wards desci'it>«?d as new^ by T4olft^ wlm aiixiitifl it /** Vidiflhmuit in 


Ti£i. 7, 


Fbn^l?hM FUi lw jum Jfidlhfim: r, p. wUho^. 

^Atoini litt. 


VidaFs liorior. Mn|or Prain was tlie first tn recognize its tnio iden¬ 
tity, Figure 7 sliows poib of the three Pbilipjiine g^^ecies of l*teri>- 
carpus. 


SfRXICAN JiPS-:il7TE& OK I^EHCM^AKPUS. 


Owin/r to llie marked Jbiorescenee of infi^ions of PbiJtppine 
Pter£>ciirpiis woods, Moller a^iinei] that the iVIe^icim species mnst 
yield similar infuRioDs, Imt be bud no opportunity of verifying this 
assiunptintu Of the wochJ of the tropical Amei'ican Pteto<^rpua 
Jacq. {P, dmco L) very little Is known* In Porto Rico 
it grows in swampy places to n height of 4ft to GO feet, with n trunk 
14 to 18 indies in diameten The wood is de^rihed as soft and of a 
dirty white color, le^l for fnd and sainctimes for making fire 
screeng, and is known locally puU d€ p&lio or “ckicken wood-*^ 
Pterccarpw puleaccm (IL B, K*) Spr* {Amphymminm puhm- 
cent B, K., Pfetocarptis amphymeni^m DC,), snppose^l by Holler 
to (jc the true ligmim nepliriticnm Mexieannnn and P. oi*fiimtatu 9 
DC* ure likewl^ imperfectly known* Figure 1, page 279, show& a 
Humboldt and Bon]i]ami's fyi>e, now in the Paris hrnseum (eoUected 
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ill tho CnUflilfi do Zopilntc, iH-twpon Zimfipaii^-i imd Rtiitif nt 

fJni?rn?rcj) ocsjilrnste^J witli ii feuf of ISjiilK 

from (jiiEiti^niuhi. 

■ /YtT<yc£fJ7>w^ Hose* shoivn oti |ilate T* U apparently 

much more closely relatcHl to the Philippine nnrni. Of Pi^oniirpurfi 
ophylift^ ]^Iicheli Use lea^'es have jievor Inijn describedi It is inter¬ 
esting to ncito that the ciiannion njunei; of both spe^le^ t^ngge^fc 

ilie reel, bloodlike exudation Tiliieh flows from woimds iztiido in the 
tn^ Pfcro^iirpu^ ffC^tpahrimlii h loefllly known as or drng- 

on^'s blood tree, and P. aphjfllus {pcessibly identieAl with A. pnbes- 
e^fwf) ia called from the fact that the tree weeps tears 

of bloodp Ibis ^substance, wbicli hiis btJen called ^dragon'a blocKh^' 
must not be confiased with the drngoo*s blood of Sumatra and Bor¬ 
neo^ whioJi is derived from s. climbing palm^ i)a€^nioni>rop» drm^ 
(closely allied to the genus Cabirnus)^ nor with the drugou's bl-CHKls 
of Socotra jinci the Cjumy Islands derived from yucca-like trees of 
the genus Hracacna, Its aliinity is rather with the substance called 
giun kino exuded by rimr^upinm of India and Ceylon? 

and iltc Same may be said of tlicsfs-calted dnatguu^s blood lierivctl fri»in 
Ptffomrpujf One tiling is ceilain; The red, gummy sub¬ 

stance which exudes from Pterocarpas treesj ecLlled sangie do drago 
by the Spani>ih c^doiiists has notliing: to do with the rtuoroBc^nt ex¬ 
tract obtajiicd from the wootL Several plants, cjuite distinct botaiil- 
cnlly, arc known in llexico aa sangre de drago, or sangregrado. In 
addition to species of the leguminous genus PterocriiE juis may be meu- 
tionc^l J^iropAa ^pfithfd^itii und belonging to tlie Bnpb- 

orbiaceao. To the latter llie ancient Mexicans applied the ikame 
t'Sg^nhitUl (from ttie Ndliuatl blood, and ^uahtfitl^ Ircct. Tt is 
qtiiie possible that the name (bJocKJ-red-tin<'tijm medi¬ 

cine) imiy have been applii>d tq a S[>eci^ of Pterocarpua? but wichout 
n description of the tree or n figure, it is ijnpo^blo to determine this 
defiiutely. 

liLTilMARV. 

Lignum nepbr it icum, celebrated throughout Europe in the sixteen til 
and seventetmili ceuturies for its diuretic pi-opertie^. but chieflv re- 
marEible for tlie fluorescent prof Arties of its infusion, comes "from 
two distinct aijurccs: ( 1 ) From a SieTJcan ahrub or small tree, 
EpsenA^rdtla pq/jyjr/acAya, the wood of which was used by the Honl 
Rdtiert Boyle (16S3) in his well-known experimeuts on the fluo¬ 
rescence of liglit: (^>) from a largo tree of the Philippine Islands 
Ptero^irptut iadien {Pt^rocarpus puiPda 111 mica), tJie ivond of vvliirii, 
described by Kjrclier (104n) ajid .Tolmti Baiihin (JOfiO), was at one 
nine corimmuly macle into cit|is by the natives of sontlierii Liizan* 
It J^^ jjosaibic that cups were alfwj made from allied ^ipceiea of Ptero- 
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curpiiA growing in but tlieni no immi’J of ctipfi of known 

JIt'xican origin- Tlint wiiii’Ii Kitclior i^-eivod tnnu the procnmlor 
of tho Jesniil8 m Mrxiro Imd in all proljiilhlity IxK^n bmiigkt ns a 
curiosity lo Mexico fi^im the Philippines, for at iliat time the only 
trade route from tlie Philippines to r^ptiin was b}" way of Me^^ico. 
It is also ijuite probtil>le that Mcmardes's wood and the wood iiiefi' 
tioned by HemandeK as being curried on Rhifibofird in the form of 
large logs was Philippine dgnum nephriticiim^ 

The sourt^e of lignum nephrlticiirn Im^ remained uiiL'criain for so 
long o time owing to the following eaui^: {{) Xeither the Mexican 
nnr the PIi dip pine wo<id is known iu its natiie coimtry by the name 
lignum iiephritioumi {2) from the beginning of its history the two 
w oods bearing this name among phaimarologists were ccmfiised^ (3) 
pharmaceutical material and cups were unaccotupanied by Ixntanical 
material; (4) botanical material in herburift was tacking in wood 
and wiii^ usually ULuict-anipanicd by economic notes; {5) the original 
botanicikl descriptions of the s|>ecies yielding lignum n 0 phrjtE{:u]ii 
were iinuccompunied by references to Ihe phenomenon of lluoivscence; 
(01 the s^jurcc c>f the wood described by Monard 4 *s ivsis sought in 
Mexicoj but wilb jn all probability of Philippine origin; (T) attempts 
wen' made to identify tile ilexican plant dcfcribcd by liemaudej; 
w ith Liie wimd described by Monurdea niiA tlm cops described bv 
Kii'i'lier and Bauhin, which only led to confusion^ 

The botanicaj identity of the Mexieon liguuin nephriticura was 
first indicated in l^r>4, by Dr. Leonardo Oliva, of the University of 
iTuadahifam. It was establislied wdth certainty by the writer^ 
January 0^ lhl5^ throtigli the exhibition of the wixal and its fluores¬ 
cent infusion accompanied by Lotanieul material from the mother 
planL’ 

The identity of the Philippine lignum neptmdeum was dearly 
indicated, under its Temacular names, in 1701 by the Jesuit, George 
.To^ph Kamd, aud the origin of the cups carve<l from the wciod was 
revealed in UM by another Jesuit, Padre Juun A. Delgado; hut the 
work of the 1 utter reniaimK] in inminBcript until 1892, Its l^itanical 
dnssificatlcm was first cstahlisliLMl in 1837 by Padre Blanco, in his 
Flora de Filipinas, under the name PieffN^arpun pullkim, which is 
now' regarded as a sj'nonyin for Pirroc^puii mJ/erw. 

Closely allied to the tree, which yields PhilippiDe Hgimm nephri^ 
tictim are the padoiik of Burma {Pteroearpu^ and the 

Andaman re<lw'oocl {Ptewar/rm rhilbcrgioMca)^ both of which pro- 
dues red and pale colored varieties of wocmL Thu padouk yields a 
fluo^ent infusion very nmeh like that of t!ie PhiilppiDo narni. 
An mfnaion of the deep red rariety of *\mdaman wood sliows little 
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or no rtiioresceuL'e, whik that of tliG pak viiriety yklik a 

AiiLhori? have hitherto triefl to trace lignu^D nephriticimi to some 
one sontx^e. Dr. Otto i^tapf, after a miefiil study of the history of 
the wood mid experiments ttpon a. specimen of “ciintl" from the 
Mexieiui collection in the Paris exposition, wda ooni-mced that the 
mother plant of lljrnnm nepiiriticinn is Kt/senh^^tyUm rtnoj/VjAojV/y. 
Dr, Hans ,Incob Alolk-r of Cojienhtigeti after an etpially exhnustivc 
study as couhtlent timt the source itf ncphriticiini was iint 

KysenharcUta hut a Mexican tree belonging^ to the g^'iiusj Ptero- 
carpiis. it Wius nssiimrd by Dr. Stapf that hotli tlie redtlisli pahtm 
indianuM of which Johan Ihinhiii’* histoncal cup was rnnde mid 
the “ whitu’^ wood yielding an infusion like pure colorless spring 
water of whicli Kirchcr's cup was made were idimtical with the 
dnrk-rolored wcxid used by Robert Boyle In his study of fluorvsoenoe. 
The eironemis uondiision w'oijid necessarily follow (list tlie logs 
which IJernanclcit rlescril^cd as **larger than vety large trees” were 
those of Ef/dcnh/irtit^^, oithough it is quite certain tliat this genus 
includes only eliruhs and small trees. On tJic other hand Midler 
eiidi-iivors to make nertiandia's description of with its tiny 

leaduk suggi^stiiig the foliage of the cdiirk-jxui or cotnmrm me, ujrply 
to the genus Ptcmcarpiis, of which all tlie known siK’cies have large 
leaflets in no way comparable to thoso of the plants mentionedJ 
In tlie present paper tlio two difitinct sources of the wotals called 
lignum nephriticum are for the fiist time definitely indlcaterh the 
fliioresrence plienomena displayed by infiiainns of each described and 
illnsti-uted, and the origin of the edebnitcd cups of Iviicher imd 
Bmiliin traced to the ctuintr}'' whore they were made. 
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lAIPKESSTONS OF THE VOICES OP TROPICAL BIEDSJ 


By IjOituh AnAKifrK Fitjtes.’ 


[With Id iilntes.1 
I* TilK WtCKNH. 

Roiij^hly s[H!aking, wrens’ songs iniprore in direct rtUio with the 
hiimiditj riinl diirktiess of their hnnnts. This, st least, is the vivid 
ini))ressioii one gets from u field acqiiftiiitumv with the Impleut 
genera, //r/ew/y/tw, I^ttnaeohma, Thr^othoru^s, //rn/twA*wa, and 
Phevfjoped t v». 

So fur ns I have been uble to dLsenver, nil the eatrtns wrens except 
hUxdoT (which alsii rlitfers in several other reii|>eets), anj 
poHsesseil of only :i hamh, vigoi-oiis, iinj )tU[H'jlintnt scnhl—n sort 

angry, chattering noise, inorc or less closely imitnted liy pressing 
the tnttgiie against the rtiof of the mouth jind forcing the air out of 
11 anirtll oiiening beliind the back All llie speckle-bwustctl 

cnctiis wi-ens &|)ccies have this note, atidj so far a& I know, no other 
that npproudics a song, much less n wren song. Our own south- 
W'ostcrti S[wciea simply repeats a lazy, cross Trrr, rw, mv, while the 
Mexican hii il, nd^odytes sonfifwa, sw-nuf *<* try to yell “bnik-a-co-ax,'’ 
rapidly repeated, but still in the unniistakabte cactus wren burr. If 
sUng k of any valtie as n philogenetlc character, UdeodyU's 
Mrtainly deserves to be lifted out of tlio prying and ill-miturcci group 
it now graewt, and set dow n somewliciie near tlie big wtx»n-thruisi!iors 
of tjie pniis Dmacfihlvi^ for it shares with tlicm u loud, liquiil soug, 

which is not given by the male alone, but by both sexes nt tlie sume 
time. 

This coimtemnging by the female, so far as I am aware, is not 
genorally known among birds, but it is certainly practiced by this 
aiiccics, BB well a s by all forms I know of tliyilcorhbia^ 

‘ mp^ted by iHTTipiiiiiui mum nirri Lon>, ™i. )5. B». a. TDi. te, ftx 1, t a, n. it. 

■ MEnmiqrM bjr yit iiutl 3 i;»r. 

tbr^a^n^ U^UDlte ""*’*“*' or thtutwT.Uk* Wnn whkli |> aioHlIr cliurf in 
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imi] Pcnitciibhin^ In iJl thpso rasfK tin; birds sit close togetlier. the 
lUJiU' Little itbnre the foniiile, tuiii his song is naiutlly htiiilei' tind 
tiiori? brilliant thun hers. llt'h'O^Jytcs buml/ifi' gitrgles u loud, deyr, 
oriole-like Keep your fitd wel.“ Tlie feiiiale, 1} indies iielow and 
11 little to one ade, piiralleU this ndvicti with un evenly timed ** Wlnit 
d you ciii'e? in per feet iinisoii, tisuiilly, with ihe n* iterated pbniseft 
of her mate. Df^nocoblti^ dues it soiiicwhnt diffeitiiitty, an the feiiiftle 
ordy srjys wmik, vank, wsmk,” while the male ait3*jiist pboA-e nnd 
singB almost e-tfldly like a oirdinal, or u buy whistling loudly to his 
dug. Am/, Am/, Aim. If the male gives only three phrases, so with the 
female; if, however, the roide ruiieats Ids whistle a doJien times, the 
female liegins and ends in exact time with him. This curious huhit 
I verifieil a number of times. Still more interesting is the fact that 
both sexes of Donticithitui possess nil intlatnble sul' of bright vdlow 
skin on the sides of the Uirrmt, which, when the bird sings* piidB 
out to the sixe of a cherry, and is n very queer and conspicuous clnir- 
adcr. 1\'hen singing, they look down, hump up tlie shoulders, puff 
out tile net‘.k, und give their strange duet from the top of n mai-sli 
weal or dead husli, and tlien, wren-like, drop down into hilling. 

All tlie Phpiigniwdius wreiLs art gifted with the most astonish- 
digly loud and clear ivhifitlea. A wondrous thmsliy fluidity is 
theirs, W’itJj an uidielievable range in the form and forte of Iheir 
songs. Btftlii sexM sing, usually cloiw together, and when otic is 
htiBbed ill the deep silence of the fem-EIled foi-est of the humid 
mountains, tense for the tiniest pip tif a manikin or the mnir.selike 
rtiu of an ant-thrufii, it is enoiii^ to rniee oiieV hair when right in 
one's ear explodes a loud, n-stoniEliingly clear “ hloong-whece-rip- 
wheew." rapidly rarxjnted, frequently 'seconded hy a h>ss sliowy 

Wc'll whip you yet'' of the fumole. 

It wonhi he Laiv] to descrilw n tangible difference I jet ween the songs 
of PheuffOfeditia ond ZAcmVorAfso. Certainly there is no such dif- 
ferefu-e in volume or range as the tiny size of the latter would Icmi 
one to suppose, for the fliniinutive wood wrens are bv no means 
always distiiigiiLdiahle by their songs from their larger cousins, and 
dm variety imd timbre of the notes of one genus is as endless as in 
the other. lITiilo no description or llternl syllabificntioii can do 
nn^h to bring up an ‘‘fiudital imagi'" of n bird song, mv notes, 
written only for my own recollection, have tjiese cryptic bi^ os the 
framework upon which I liook my remembrance of IfenicerAhia 
songs; “ 'i 'oiigJit to see Jim. Y'oiiglit to see .njii," But Man' won't 
lot you’’ {repent four times), “ Whip-wheeoo, corre^oo." 

F'erhajis no songs heard hi the Tropics urc so characteristic or 
make sudi a strong impression on the mind and d.'sire of n naturalist 
as tlii^ romantic ami mwtcrioiis wren soiigs. They itssai! tlie ear 
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while riding ulqng the moTintain trails, und are the unending goal of 
lutmj u ETweltering still bunt through tile mD&qtiitO'fuU bnt otherwise 
Sabbath-still forest.* For me, at least, a deep} hiimid mountain 
forest never ceases to have n hushing, even oppressive, effect. Awed 
and tense, 1 lind myself a foreign and discordant note in the giant 
Stillness. With this half-guilty feeling, and hushed by tlie stem 
grewn sileuce, hypuotiF.Gd, as jt ivei«, into a sort of subjective identity 
with the .Snnday-iikc vacuum of sound nn'i keyed to u nervons es- 
]}eetuiicy in tune with the heiiyv odorous stillness, the sudden singing 
of any of llicBa brilliant-voiced wood wrens is sufficiently staitliug 
to mnkc one recoiL Inmpy-tlirofttcd, and it is often more than a 
mere second or two lieforc the rendjnstmcnt into the normal frame of 
mind can be miide. 

The wrens of the genus ThrgaphMu^^ which are closely allied to onr 
CaroJina wren, deserve a high place in the scale of singersL I think 
the Coiombian species’ are tho most I'ersatile nml surprising singers 
ill the entin* family; and this is indeed high praise, for few, if any, 
birds of their siw? «!on siirpa^' the wrens in voluiue and hrillianey of 
tone, 

II. TiNAjifirs, PARTrtinrTi.;s, ami liOl.rrAiREit. 

In ttie Tropics, us In more fomillar scenes, tlie bird songs of Iho 
fields are fraok, pastuml, aitrl prevalent. With us, the meadowlark, 
field sparrow, vesper, and song sparrows pipe often and openly, and 
from .May to October tlidr notes are almost constantly in the air. 
Blit tlie forest birds are more i-eluctunt ringers, and their rare notes 
are all mystery, romance, and recturive riiyness. Tlie field sparrow 
will sit on a dock stalk and sing, looking you in the eyes; the i-eery 
iivill (juietly fade away when your presence is discorered. 

So it is, even to a more marked degree, in tlie Tropics. In the open 
pastiiris and on the bushy rioiies of the Andes one heare the shrill 
piping of tlie “foiir-wiiig” cuckoo the insistent 

of the spurwing plovur, the dry, phcebelikc fret of the 
spinetoils the }ist>ing insect songs of gmasi|uits, and, 

fmm the bordering forest edge, the leisurely, whistling of orioles. 
Bnt enter the forest, and all is of anotln-r world. For ii long time, 
pcrrhnps, as you make your way thi-ongh the heavy hush of its^ 
darkened ways, no sound strikes the ear but the drip of water from 
spongy' mo^ clumps on brood leaves. You feel yourself to he the 
only animate tiling in your universe. All nt once, j^ierhaps for off 
ihrougli the forest, perhaps close behind you, you hear the etningely 
moving whinny of o timunou. I think no sound I have ever heard 
has more deeply reached into me and token hold. M'hether it is the 
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iQtcositj^ of feeling that n deep, silent fore?;! nhvnjs iinpotscot di* 
velvet Eiiiootlmess of tlie ivjtilltig eiill; die [Irnniatic crescendo hthI 
diuiLniietido tliAt exacily pnr&IleJs Its minor ciidenec up and dmvti :i 
Kirmll scule; sometldug, perhaps the combiniition of nil tliese^ makes 
one feel ns if he had been (rrnight with his soiil nuked in his hands, 
when, in the midst of his subdued and chastened revery, this spirit 
voice takes the words from ills tongue und expresses so l>crfcclly all 
the tiiys»ten% romance, and tragedy that tlic stniggllug. putitsite- 
ridden forest ditTiises through its damp shade. Xo vocal ex[m-s8ioii 
could more wonderfully convey this uititngible, subduing. |)ervasive 
t|uality of silence; a iJunidox. perhiiisa, but not out of place with this 
Idl'd of nijutery. 

Only less nppealiug nre those otlier chaste singers in the cloud 
forest, the solitaires. It is, indeed, a atrutige sensation, in imcaimy 
[iMriuony with the unexpected faniilinrity one always feds in a 
Tropic forest, when, thinking vaguely of thrush songs, the silver 
note of n solitaira cryatnlisHS the tbonght. There nro many kinds, 
and tlicy Iikvc varied song tyjies beyond most similarly unified 
genera. The most t 3 'pical is simply a lowly hermit thrush sung, 
giving that efTect of a private hearing so gnicioiisly done hy our own 
thrushes. For some chiKJve reiisotl, it seems! as if these birds ulwuys 
Bang as the shy iwrfiuLaite of the favored few, and thus, iwriiaiB, it 
is that their songs never become common. 

Our own Townsend’s solitaire has a very didereiLt iiieJcaly. a blithe, 
giv^filjeuk warbh'^ frwjueiitly given in litrklike Sight, quite uiiUke 
any of the tropk-ai species 1 have heard. These are all of tlic chaste, 
contemplative type, given from a pereh part way up in the foraat, and 
in frequent noconipanimemt of sjjlashing water in mossy and fem- 
fringed rtivincs. ^ud-^stet rtiffoitfca, of the Andes, siiiga almost ex¬ 
actly like a hermit thrush, as does MyathnUs umWor, of Mc.Tko, 
while Myudt9teH aorUnntis^ of .Fnmjtiea, singing fmm the tree ferns 
up on Blue Mountain, reminded mo strongly of tlm varied thrush 
licm tl in the dark, cold spi iice flats of the Alaskan coast. Wliat u 
transpoiiitinn! ^ A vibrant, steadily crtscendo note, as true as a violin, 
fading to nothing, 'flien imotber in n new key. .V rich, descending 
broken senk followed, after a pauses; then mi exceedingly high trill, 
swelling and dying, 'niese singers were common at nlmut h,00n fcid, 
and their choral chanting was an exjicricnce to be long rememlwred. 
Mt/wdcsf^it southem Mexico, has a song more eponlam-oits 

and overflowing tluin the other tropical ispecies; I thought of a IjoTi- 
olink when I first heard it. The song liegnti high in the scale, ami 
very loud; then Uirouglt the rich progiiissioii of its bubbling 
cadeiui's it grudiinlly fell in, pUch and hst voliune till it died oiib 
as with loss of breath. This is tho “ jilguero” of tlie natives, wliilo 
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ujUcolisr IB known ns “clai-m." Dlfitingiiiskccl from these tig 
“iilgyerotie la tierru" axe the wrens of tlie genus Leaco^ekh^ ivhirh 
have ii way of singing at your rery feet, hidden tinder the fems and 
lo^T growing mft plants of earth, Tlieini too, ore riolin tones, ami, 
thotigii the songs arc not rare, the singer is seldom seen, however 
patiently you search or wait for Iiim in the mosquito-ridden air of his 
dripping haunts. It has always sromed a nivsterv to me how these 
little birds of the cloud fon^t keep dry. They are, indeed, the only 
dry thing you would eiieouater in a week's hunt, for orerliead all is 
oomiig water, all tliD leaves are shiny wet, and underfoot is soaking, 
mtting vegetahlu mold or deep muddy ooze, that frequently lets you 
m over your boot 

In tlie BDine forests that shelter the linaitiwi and aolituire dwell 
(die evaave and ventriloquistlc wootl piiriridges {OdoiOcfA^fnif). 
Ihese are rjchly garbed in velvety, rotten-wooil cuIoib, with all (he 
i^ute mottdiko pattern of wlujqxwrwilk But wonderful as is 
tlieir coat, it is thoir vocal [lerformancc that gives tliejii real flislinc- 
Lioii, for besidts the familiar partridge clucking and pipping heard 
only at close range and therefore seldom, they a loud rollick¬ 

ing call that may be hennl n mile or more across the forested course 
of II nvpr^ 


uiutr yoiij ciiiJght unawurcs. 
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III. ORIOLKR, l-’I^rOATCIIEIlS. KlNniES. ,VNI> TWtil'SUES, 

A comparatives study of the notes and songs of the birds of ilic 
Tfopjts iind their familiar sortiiom reprcsentutives is certainlj not 
less intoiiesting lluin tl« study of their physirtil rescmbluiices and 
dilfercncea. And here it may be suggested tlut i-escinblnnces, uhich 
HIV of greatest vaUiO as showing relattonsiiipS) are even mora elusive 
end hard to follow out than aro more physical characters. Differ- 
ene^ are of negative ImjiortaDce; resemblances alone count in tracing 
raeinl aRuiitie^ 

In this respect Ihu prest family of tropieal orioles bangs togctlivr 
as a unit and tics closely to its more familiar northern olfslioofs. 
From the tiny ilexican orchard oriole to the croW'shHid oropeudolas 
there is some subtle quirk of tone that makes tijcm all recngniKable 
to anyone having a single good uHjiniintancc in the family. 

I think no birds in tropical America have given me more puns fiin 
with their vocal performances than the big yellowtnils, or oropen- 
doIaSf Oysttiostin^fpit in southern Mexico, and the varioiis species of 
OsHmtpa in Colomhid. 1 can tint now rejiiemljer nny striking dilTer- 
enoes In ^eir songs or calis, except that Oijnmcetiiu>pa conihinea more 
gyniunsties with his etTort than mere Ostlao-pn^ But everywhere in 
trr>[>ical America tlw loud ras|js. diucks, and gurglings of t'he?^': gi'ent 
orioles are a» dinnicterlstic as the steoily Hushing of black and gold 
ill the burning sky as they wing overhead from bank to bank of the 
great rivers, 

Tliey arc all bigbly potygamous, and I have frcqnently seen them 
demonstrate u most watchful and eOicient wordeu service Jn favor of 
the old mul«s. After one shot you may slalk and stalk the big black 
Sultan^ “qnisJcing” from the bare dead spike above the forest roof, 
only to lie defeated liiue after time by the party of six or eight silent 

and wa ich fn I fenut les {lerchin g a round h im a t lower poin ts. Silent_ 

that is, until you get within about twice gunshot of their lord—wluii 
tlicy suddenly squawk and yell, and the old boss ‘"yiijs” loudly and, 
with batting wings, leaves for foreign parts, 

Tlie culls of tile male, given from a high perch with a commanding 
view, may be variously described: A load, vigorous “quisk”; an 
equally carrying but very liquid chnrg,” ending inside an empty 
cask: a series of drj% ascending clicks or twig imaps, probably dorm 
with the enormously strong and hollowetl bill. But his true song, to 
cull it so. defies description or imitation without nit the “traps” of 
the triangle man in tlie orchestra. Laagine a performance lasting 
only alamt 2 seconds,commenced by breaking off n handful of willow 
otick^ dieij running into a rising scries of “choogMihoog choo^” to 
end in loud, explosire “keow." easily audible nt a quarter of a mile. 
This is only the vocal part of the performutice, and is accompanied 
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by a contortion of which tJic cowhird's spring ciTorL giros n mild 
idea. The bird iii-st looks down, rnlUes the nape fi'titbursand elevates 
the tiiil. and then. eluUermg die bill and emilting the other Goniids 
that he alone is capable of. falls forward, clapplDg Ids wings lustily 
over his back, mitil he is under hia perch with hin hill pointing 
directly up. Now he delivers his huft explosive yell, wings nnd 
glorious tail all outspread to tlicir iitiiiost, and by iiifams of his first 
fooUinld, not ndinqiiiiJied in his eJlort, and with wings folded, ho 
draws hiuLwlf back to hb first position, where he aits ruffied for a 
fiiiiiiitc or two. Then, depicssing his feathers, he repeats hb aero* 
hatic song. The males are a full half larger than the females and 
have enormously developed 1^ and feet, apparently for thb per¬ 
formance, recalling n raven’s foot; wlulo the fcmnles have the usual 
slender, grucklelike feet of the family. One never need be bored 
when there b a colony of these strildug and virile birds in the vicinity. 

Some of tlie typical orioles and troupials have exceedingly bril¬ 
liant, if monotonous, songs, and they are kept as pets in nearly every 
house in the towns or along the trails In Colombia, /cterus m&K>- 
tiu'lM nearly drove ns insane with Ills piercing song in the hotel in 
Cali, repeating it incessantly from his cage at our door. 



Fm. U 


All orioles ai\! great singers of little times, nsnally going just 
enough off key to get on your iiorvcs, and tlus is only one of hundreds 
of such little phrusea. The hooded oriole group linve a delictoiislv 
iiiiivf way of singing little "earless” times, like a sumll boy on bis 
ndmdimt way to sehool, wlibllirig hitnself along the rwul- This b 
the mtxHt companionable bird song f know and has frequently been 
real company to me ivhcn hunting nlone along the banks of tropical 
i-iverii and tii tlic foot lulls. 

!t woidfl be impossible here to take up more than a few of the 
striking ty[jes of this large family of brilliant singers, but it would 
certainly be doing the whole group jm injustice not to mention the 
wonderhi] silrer and golden songs of one of the black offshoots of 
the famih'. Diivs ilitvit of 1 ticatan. Tliis glossy beauty was verv 
common at Chichen-Itza, and was a source of coiistaut marvel from 
the variety, ricline.ss, imd volume of its notes, I can nut dcseribu 
them, nor even remember tlium concretely, hut I was nt once reminilcil 
of the |>rtalc>r liiril I bad onre heard in the Philadelphia zoo. It 
hail all the deep-throated richness of tlie beat oriole songss, combined 
ISOIS'—«M I3l.>— 
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iviili n more thriidilikc and of infinite variation- Among 

uEI the vnried nnd rich songs about Lho place—wrenst orioles^ nod 
thnitthey—on my Hi'st moiuitig a Held in tlio continent til tropicsi 
ZHt-cs msdi* tlic one deep and lading impreBsion above all others, in 
the da^ic and EhriUing fmrroiindings of the nnne<l Maya city. 

While orioles are always within hearing. I think that donbtlei^s the 
most lioevasive and ever-preacnl sounds in the Tropicj^ ciome from 
the even larger family of flycntehers- l^rom the bine, lonesome, 
plaintive little *‘‘pbew” of L and the 

i^qiiftlly des?>ondent sighs of some of the to the executive 

*^y!ps^^ of the big-billed and derby Jlyeatdtcrs* the^ chanicteristic 
sounds are ever in the ear* So far ns I know ontj one flycateller 
can rejilly bo proclaimed as a singer with n real song difTerent from 
his ordmury calls and scolds. This one exception is no le^ db^in- 
guished hy his coat from the nsstof the nithcr somber-coloivd family. 
The gorgeous little Tcnnliion flycatcher has a simple but very sweet 
i^ongi lispy and thin, but delivered with grest devotion. Darting 
like a flame tip into tlie flood of sunlighL ho reaches a point about 
a hnndred feet froiii earth, and then, with scarlet crest spread out 
like a hussar's hood and head thrown hnckT he floats lightly down 
on tremhling wingis, lls]>ifig in ccstacy his poor sweet little song, 
*^t.1rivi cirivf cLrivi.^^ It is hardly noticeable even among the littlo 
finch twitters along the roadside, but for a flycatcher it ]$ remark* 
able ^ and surely no gifted thrush or lark ever went to bLs tnnilns more 
devoutly. It is n strange contrast to the usual flycatcher utterances, 
which are loud, raspy, egotistic, and highly commandeering. Oun 
kingbird is ii fair example of the family, with the greatcreat as a 
g{K)d amplifier of Che impression. It is ttio forest fiycotchers, like 
the wood pc Wee and some of the £?<i4ViUar, that have the lost^soul, 
hollow-hcoru'd plaints; the sun-loving kinds are very kings of earth 
in their noisy self-confidence. 

The finches and sparrows in general do not add much to the tropi¬ 
cal melange of bird music. They are fjtKiucntly birds of great 
beauty, and nil have some blithe little song, “fiochy,'^ and character- 
fetic of each species. Ilowcvcrj to a sparrow falls the di^nctioti 
of being tlie moi^t widely distributed singer we encountered in Soutli 
America* It is safe to say tliut anywhere in the Andes above 5,000 
feet, from the Pacific to the Orinoco slope, the little Andean white- 
throat, BraeA^spi^{T^ will cheer the traveler with his brief itnd pleas¬ 
ant piping. **Tt k sweet cheer^ here,'" gives the phrase and sjoeent. 
It is more like an abbreviated fox-sparrow song than itnvllung I can 
recall* I shall always fee] a pErsonal debt to its cheery optiinuim^ 
as it sang daily in tlie court of the hotel iii Bogota in tlie clammy 
chill of tJie dump days fhOOO feet above sea, w!iilc T was fighting 
through the fever coiitmcted in tlic low btid& He gave my scrum 
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bl^ii iind ferwietl brains the onn CangibU* hold I had ivilh the won¬ 
derful work! outride, nnd it recuHed nearly all of our ussociatiotis in 
South America. 

Some of the roaikjdc finebes and grj^uiis have curious and os- 
ploai^-c little huzzy soundB. VoMi'ttta, a mven-blnck mite Ii^4ng 
along the bwlgc-iws, has an nmiifdug songdinbit. ' Sitting im the 
top of a grasj or wtedslalk he suddenly rises in bee-like (light abnit 
a yartl into the airj nt the afiex of tus little spring he turns a rapid 
somergaull, with a volatile “bzt, ’ and drops back to his perch. The 
whole effort takes perhaps a second. 

Afost of the tanagers, which grade insensibly into the finches, am 
not mtU'h when it comes to singing- However, the larger A'altat&rn 
have clear, whistled songs that arc bl^ly characteristic. They are 
leisurely soprano wngs, usually heard from thickets of soft growth 
on the moiintaLn sides. One song heard in the Eustern Andes that T 
iificribed to S. atripenniif^ though I could never quite satisfactorily 
prove the sin^r, wag as loud, pure, and wide-ranged a song as T 
have heard- lliough quite complicated it was always identically the 
Hame in form and rai^. Two long doscemling slurs, on* ascending, 
a long descending triU, tlien a descending run in couplets (like a 
canyon wren), a rising sliir, and a final short trill on a high note. 
^ many songs, heard in several localities, this scheme was closely 
followed- Tlie mountain forests of the Tropics furnish an cndlc^ 
and enchanting field fnr this kind of study, which onr bastv survey 
and limited time unavoidably rendered all ton superficial md tras- 
nientary- ® 


Uc found, UH a rule, that tlie geiiiHke tanagers of Calotuka. 
cmrocAp/ta, etc., were nearly devoid of song. Their drifting 
flocks, Sifting along throitgh the tree ferns and higher levels of the 
forest, were much like a flock of migrating warblers, otwavs made 
np of several species, and their little lisping sounds were' further 
reminders of ciur Mrthem tree gleancrg, 

'ITje ootingas, as a rule, wero sileift. tlioiigh some of the more 
flycat^er-l^e, such as Tytym, have loud, buzzy calls, and the big 
ones, like /'yrwfrnM and gueruTa, have deep, pervasive Meal sminib 
hard to iieserjlie. but fairly easy to imitate. The ttnv and gorgeouB 


The tlinishcs, however, are quite as satisfactory siugera In the 

la l^ge and varied from Afexico south, and we had many chances 
to ^dy and compare them in song and actions. P. nf the 

tiliv considerohly bigger than a bine jav. and soli.1 

dusk) hut for Ills coro-colorwl hill, feet, and cveHds, had a die- 
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»ppoiotloglr weak utid sqiicaly spnfir- ircmbera of tha tmtis group* 
however, are to me the fiiieat aiijgoiis of the whole gentis, trilJjjig, 
piping, and warbling wkb t!ie greatest ftbiindcm and ]Hirih- of toal 
They are shy siiigcj-s, and mrely to ba beard except after long 
silaata; tii odfl 5 [m(l f -. beard with a divine accompatii' 

trieiit of solitaires, Jo6t nothing of its besnuty bv tiio Hiujparison. 
The related genus the '‘blue mockers,” aitj mxompliaheil 

and Ijrilliant singers, with much of the woll-knoivn quality of all 
mockingbinls. But they muk very high, as Jo Uie meinl>ers of tbe 
interestuig Aritilleati group, Mmoeicya. I shall never forget a 
concert I once heard on New Ihovince, in the BnLannis, Wo ucre 
out m the « roppi-L” or wixxls, collecting, in tbo ufteriiocm. About 
4 o clock a drenching tliunderstorm broke, inid for an hour we were 
aibjected to as tborougli a wcUiiig as could bo desired, and most of 
OUT efforts went toward keeping onr specUnens from getting soaked. 
After a time, however, it stopped iibjiost ns suddenly as it had 
begun, and tbrougb the brcaJtijig sky the level mys of a declining 
aim reddened the straight coluiujus of tUo pines and glistencil from 
the wet and shining folkgo of the i>i oad-leiivi!d trees. Siiddctily, 
and so robin-like that I was fur a niument quite moved, there coin- 
mcnced e chorus of delicious and brilliant singing that I have no 
fihuiJar recollection of. It was from die “blue tlii-asher,” Jihno- 
eicMa und fov ii few hrenlLilesia monicnts we trtTt turned 

into an cndianted i-calin that it is still a joy to remcmlier. Tim 
music was no less scintilkling than Its dean and glistening stdtiiig. 

It is iierhaps Uk) fmcl, and a sign of limitation that we shimld lii^si- 
tate to itdinit, llmt the songs that please os most are apt t<t by those 
tliHt perfect or glorify songs we already know at home. It may 
even not be true, hut I think, novcrllielesa, that twj bird songs have 
ever given me a more welcome turn of heart than sr>mc of these 
bopical thrushes, whieh carry farther the lovely qonUties of intona- 
tiQii so nchly pix^sent iti our herinit thnigli’s song. The group 
^oxyu as Inie dir^bns, haunt the Wfiist, ferny nimmtoii) 

foi'i’i-ts, and from, the quiet fragi-anoc of tliese silent places come 
the exquisite silvery bell tones of tlieir songs. They sing from tl,o 
gTOiiml or VEiy near it, and never have I beard tlicm lift their voicts 
high. But their tone is mora pure, their delivery more perfect, and 
their ch^te cadences more pristimtic and ddi thim those of iitiv other 
thrnd, I know, and I should find it har<l to pick the slightest rift 
Aithin the lute It is iiimti these tender. inelTably sweet flutbes that 
I base 111 }^ ctme^ipt vf a piL'rfeyt bird eojig. 


VOICES OF THOFICAJ, aiHDS—FCKRTtiS. yOj) 

IV.—A\-T Tnftt?«lTFM AXD TKElTt Al-LIKS. AXD WOODnKWniW?, 

To nortlirra iwrmptions nml trnmin^r the ghnsUy, bnff ]i‘jr<.ea 
fni-cht groiiniUniniitirs, knmvri as anf^tiiruRlies, 

luutcdiate imd lasting npiiunl. Tlie many species of Graffaria For- 

and fi.uliiig tl,oir most eangonial 8,i r round in- 

imiong tbo tree ferns and moss-JilIwl undergrowth of the ivoorlc^ 
Slopes, at once iinpucss the student with thoir presence, but leave 
him after however long an acaituiiiitancs;, with little inore knowledr^e 
of their hves ami doi„^ than he had on Crst hearing their invitation 
to the game of hide and seek they so Ekillfiilly luid l«rsistentlv phiv. 
th«^ flV'ir terrestrial ami, on the rare oceasiom when 

ahm^t touch. Indeed, T suspect that tliey fly only u[iun some siMcial 
Ftmiiilna, ordinarily going uloiit on foot '' 

k dtrtrihuted species in Colombia 

IS rupvajulfn. It ts alxmi as big as a robin, but is almost 

roimil, stubby tailed, big eyed, und comically long legged. But while 
It was really a common bird, and its wlmstled romjtnr mm was ahmwt 

or seven were taken. Certainly nine out of everv ten etfoiis to «™ 
to I'fSr «sP<>tid«d Jmrncdiatelv 

Sr their ground haiinU veiled by ferns, l„r^^ f^dJn 

h^n es, earth plants, and other visual obstruetfons, tl^t tW n av 
odi abnosL from between your feet with impumtv,^bire with LuTi 
jag heart and eegerey.^ you fail to in.metr!te th; ve 

SCltd X" 

trots away after one quick look at the hii^ f «dlt"w fl 

5^;&.?£-r."r.“£SH- 

of the lower line of the ai-cond 

f<*t. Tills species irocs un ^ !\ heginning at about 4,500 

adheres closidy to the cloud foi-esf T trees, and 

the song except, when the bird i’ ii variation in 

“fe pt, am the bird is near the limit of its curiosity, Bie 
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ljust note sometimes ilrops off in a throaty si nr, iosteail of rising n 
tone: A, F. E. 

On the west slope of the Eos-tem Ande« we famid nnotlicr siwcica, 
/?. fit/pitfruen. whose ^ong^ though reudily recogiiknble h frnilhri^ 
was radkady different in fomn Quo long^b note on B; a rest; 
then about five ascending notes a scant seJnitone apart^ and four to 
thi^ seiTtMuh This bore a striking i^eisainblaiu^e to the first half of 
hrevicauda'^ song heard on the eastern slope of the Eastern 
Andt^ at Bnena Vkta, mid k almost ideotical with that of Grailart 
rufnJn. fronn the highest timl?ered ridgK of this rhain^ e:^cept that 
here the iiause is omitted uid the song is bigUert beginning on E. 

Little Gralldria from the castcrti foot of the Andes at 

Villavicentrioj has a nu^ii dmrafteriBiic little song^ all on E. It has 
seven sharply staccato notes, forming a perfect crescendo to the 
fomth* then diminishing to piano again at the end. The niiddlo 
note is Etrongly accented. This little hermit lives in the sweltering 
weetl thickets alorig the sun-baked beds of the lowland sti’eams, I 
shall never forget an hour in a burr thicket, with netlle aecompani- 
tiwnt, al 41 temperature of perhaps 11^trying to fbid the elusive 
author of that queer little song. At least five tiuiea I had him within 
close ninge, but never could 1 fee more than a ghost of a inoveiueiit 
or llte Biidden wiggle of a fern rubhed agmiist In his appit;«ich. 
N^early dUcouraged, with hair, eychrowSt and clothes matted thick 
with little hur^ almost exhausted with the heat* 1 at last hit upon a 
very effective scheme, deliberately clearing out a space of 10 or 15 
feel jind u lapering hme through which 1 could watch the opening^ 
by gently approaching the sound I drove it to a poinl well lieyonJ 
my clearing uud retreated to my stetion. Waiting here a tew min¬ 
utes in silence, T repeated tlie ealU in full loudne$s, until I got a 
response. Then, as the bird appronched^ I did the eall more softly, 
to appear farther aivay and aJIaj his warine^, unfair suhter- 
ftigo worked, and the little long-legged piper entered my tnvp unsus¬ 
pecting, and I was able to identify it. We had not encountered this 
species Iwfore, and never saw it again after leaving the torrid luw- 
land.4 abniit YilSuvicendo, 1 was never able to identify the saong of 
the big slaty-blue breattied rHfc£p$ in the uppermost fore^ ssone 
above Bogutfl, Tln-se were all the spociea of the genua that f per¬ 
sonally encuimtered. 

Oil the wooded slopes aliove Tillaticcncio xve foimd another birel 
coDspicunusi in song, but spiritlike in actions. We at first thought it 
was a Gralfitriny but it js roved to he a closely allied bkd^ Chuffn^sa 
brtt*!mwla^ very similar, but with shorter legs and more delJcato hill. 
It had a curious song of about seven gradimlly ajjcendiiig toots, 
followed by four or five c^ueer little fullitJg ydps^ ^oot, oct, w4, oot. 
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ooti oot^ oot: —clp, <?lp\ eip', uip\ ulp'/" It cximmon^ftnil, beciitJ,s» 
the forest WHS much opener and almost lUcc our wowls* it was much 
eEiificr to find anil see. But, even so, many iiior© were heard than we 
were ever ahk to Jisceni, and we never got aver a feetiii|T of ^iuctory 
when we succeeded in seeing the fiingen The c^lor gmdation was . 
so perfectly adjiistcd to the lighting in the wockIs tliat only a motion 
waa visible^ and that isrnreely. 

In the darkt fog-steeped forest (dong the culm of the Central Andes 
a closely relatcfl species, darker in color, gave nio ono of Ihe great 
song seniiatiGms of my life. T lieard a sharp, loud, “ wip-wip-wip/- and 
ascribed it to one of the wood qiiaiL I hunted it, umuece^fully% 
until I was dJscoiiniged and exhausted. Also 1 becaine dully aware 
of a distant and long protractctl whistle, which I vaguely attributeil 
to a steam T,vhistle in some neighboring village- So d«)es our canimon 
seiis^ l>econie duUed when wo aconfronted by unfainiLiar stirroiirid¬ 
ings. On my tired way back to camp I i-mli^nl that there w'ei-e 
neither mills, steam, nor villngea in these nicumtainet ’wJuch are uii- 
hroken virgin forest for a hundred miles or nioi'e either wu 3 \ Per¬ 
haps I had lioard a cicada^ I could scarcely cmlit a bird with mich 
a prulougccl Eotmd as this. 

The next day I went hack to solve the tilings ^Vhrii, after two 
hours of steep ascont, I hud reached the SfiOO foot level, I heard agutn 
my tiiystrrious whistla* Listening curefully, ami miitutiog it as well 
]|K I could, T was ahlo to discern tliat the sound becumc definitely 
more loud and distinct. Xo inseci:., thiSi. Soon I could analyze it 
quite chksely, and found it to be a very gradually risiug 
beginning about on C, and a full though sligUtlj tlii-uldiingor tremolo 
whistle. I wafi a^d:onishcd at its duration, for I could detect no time 
at which a breath could be taken. Timing tl^ree successive songs, I 
found them to endure IT, 57, and 53 seromla! This woa wore tlvan 
twice Llie length of any continuous song I have ever heard, the win¬ 
ter wren being serond, with 23 seconds. Btit in tliis broken $ong there 
ai'o surely amny opj^ortunitics to catch the thunbleluli of breath a 
wren am hold, while the ChaiTKisa song was one long, unbroken, and 
eonstfintly increasing sound. 

Eventually wy singer came go near that I was afraid of scaring it 
away by the iiiiperfection of my imitatiQD, wdiich reciuired a full 
breath out, an in-breatli to full lung capacity, and then the last bit 
of breath 1 could expel to accoinplish even a 40-aecond song. So I sat 
silent, ten^ei and eageiN hoping almost ngnuist hoj>e that the mystery 
bird wctild reveal hinmlf. Suddenly^ almost at my lieeU, a song be¬ 
gan. \ ery soft and tliroaty at first, gradually rising and filling, the 
i^teadj- throbbing ett'^t^ndo procee<led until I was so tlirilled tliat L 
was afiaid I couldn t stiuid it nay longer. I dared not move, ns I 


312 AXSTaI. HEPPUT ^^MltirSOSLlN IXSTlTprUlK, IDlj, 

Wfla in plain sigtit, on the edge of a Gear h the ciirth from n rsMutly 
uprootei] tree. I'itiallj', though, the teriKirin was nnln?ccilj tUe wug 
ceased, l\Tierc wotiH it U next titnej In front of me? Or would 
the singer see mo end depail for gowh still n mystery? liven tis 1 
was thinking these tilings a ghostI.v-silent little slirtdnw sped dnngJing 
past me nml eiiiiie to « halt almut 30 fet^t away, half lost in the dnrk 
fog. on the fur side of tlio raw litlk ctearing. In awf til anxiety lest 
he become Hwallowed np in tlie mist and lost to me, nnd w itli a great 
effort not to lose the .dim impression of tlie fnintlv se<ui bird, I moved 
slightly for a better view. My long wntdi was fiitile, for my spirit 
bini dmppeared. I sat awhile and monmcil, with )v great deal of 
myective in my heart. Hut soon renfisiltig that this was futile, T de- 
cJdril to practice the song I htnl Icariitd. Imagine my surpris^ after 
tlie first attempt, to hear, close by, the luml of yesterday 

ami to see It followed almost immcdiiitely by another ghost bird, 
which had the grace to alight or stofi nmning (I I'onhln’t be positive 
which) witliin range and in sight, niis proved to lie f. tMrdim, 
Although we often licnni the ciirinus jircitrrtrtcd song Inter, when ire 
went to die top of the range, we never again caught sight of this 
mtlc-known Idid, and tliia S{)edmen remains unique iu the whole 
Sou til America ti collection. 

T 1)0 soAeral sjiecics of true ant-thriisli, /‘'ormuntriint, all have char* 
acteristie notes, eoitibiiieii w'lth the same skulking, ralMihc hubibt of 
tho foregoing, Tho reecntly described ColomUian form of F ntS~ 
pecim has two sharp whistles, the Inst a s -mitone alxive the first. 
Tins, jn our experiemw, was never mried. F. atififM wwinrrfen*, from 
tho lower foi^st gone of the eask-rn fool iilmve Villnvicejinio, hail » 
song tin, exact reverse of that «f 4 W/nr?« hypot^i^^ n Inml note on 
t», followed, after a rest, by it dose descending scale of three or four 
%>mitoni% Ftinmeariut^ like Gralhriiii has a sort of clucking tjual- 
tty when heartl near at htmd. 

hew brush lords have more dialinctive notes than the ant-slnikea 
of J futmn^pkih^ their jx-Iatives, I’l.e cyimnmnest one we en- 
eonnUHwd, T, fnuttUstAotm, has the chararteriatic dry, wooilv. dll' 
scending scale comnion to many species. It strongly suggiitg in 
qiiably the spring *‘nick'ing»’ of a niitliatcb. It might be written 
ni , nik, nik, uk. iik, k, k, k beginning Luiily and gathering si 3 «d 
as It dermis. All these binls put tnudi effort into their calls jmd 
amg with head up ami taii dew n. The latter moves noticealdv at 
ciieh note and, im with the trogons, we came to look for the vibrating 
tail when hunting them," 

The many species have lUfferent iiotcB, hnl mo^ am rendily reco-* 
ni/ahlo as Thi^phUm when any one of them betv>mes thproitghlv 
familiar. Lntil oue ha,s had real experience with tropical birds, il i» 
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hnrd to work up miu'h of no lotorpsl in the maf?; of «lull-w>1ort‘,! 
Iirown niul fify htrds (Iiaf fimii sueli n latge protairtion of rhu wliolf. 
In ii case of .South Atnoi icaii birds the eye aligius on tlie hHIHiint 
tunu^rs, callistt's. trogoiis, ootingnS;, and hiinuTtinghmls, ond 
igiiitivs nil till* inyrmLl (lynitclu'i’s, nnL'thi'iishi'ii, fnrnnrii)}] birds, 
und uthor dulUtdi nnd negniive-coloied things. But in the iiiiia the 
faenfs? of soumi enterK jiml <’OTnhjitcs tritli the very Interesting hntihs 
of the more obmire jqieoieK, J can hnnilj' subscriliK! to the popular 
iiiiai (hat tropical binls are ns a rule bright-rfiloretl and devnid of 
^ing after listening with an niiprccinllvc ear to the morning t'lnmis 
in n Afexiccm or South Arnerii'nn forefit. 

One of the m<Bt extensive and typical fiiiiiilies is that of the Dcn- 
dr)K:<»hipttihi\ or wooillicwers. They arc, in actions, overgrown bisiwri 
trec|wrs. There art* in any genvin and id most endiees spec ion. As a 
ftimily it ia nearly as extensive and varied as the family of Finches, 
thinigh all have a ainglo genenil type of coloring that U hiintly d«- 
parted from. Tin* gixnit. flicker-sized /k'ndnxf&faplen, the liny 
Arno/ra, tinti all between, are miiinlr wfKid-bnnvn varying from rustv 
to olive, and streaked or not, but never holdly markctl They are al^ 
fairly uiiarilmons in their songs, though of conrse there hi ivutiidciuhli- 
1 ariation. Most that I have heard have o harsh, mspy note of alrtrin 
or displeasure, and many species sing a lond. riii^ng song that 
-strongly myalls our i-anyon w'ren—“ tee, twee, tin, tiii, tc^j, tooi.” a 
desceiidiiig series of whistleii, whfrh, pure and piercing in the lesser 
spiviia, Ijccomes coarse anil wiiodpeckery ” in tiie lurger. There ore 
really no fine singers in this group, nlthough several make pleaiyint 
sounds in the spicy-scented slashings, and all are interesting. Tliey 
are rather silent birds, as iv rule, and, as tlic fiujiily contalris many 
rare and eurioiis tyj’Xss, whit?!! are elusive and tricky, they are u never- 
ending eoui^ of interest and curiosity, 

. The wooilpeckcrs may be dismisscfl in a sentence. Their calls and 
notea are nil tierfeetly typical of the greup as we know it In this coun¬ 
try, and r recall no species that deviate noticeably from the well- 
known tyiicK of cri^ and calls by which we recognize our own species. 

V.-TOUa\>’5, CrCCEOOS. TROOOXS, ITOTMOTS, AXD THBtll ALMELS. 

The principal senaation one gets in the tropical foreshs is the 
mystery of the unknown voices. Many of these remain forever 
mysteries unl^ one stays long and seeks diligently, I am verv 
sure that many sounds I now tentatively attribute to certain biixla 
rvftUy belong to others, though several are among the striking sounds. 

Tlie teucana are all noi^ bird.-*, imd for the most part tliov arc all 
very boldly marked with strongly contrasting colors, all but the 
atnull green members of the gtmuR Auhvorha/nphn^i being briglitly 
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(Ijidicil witli black, yellow, red, wUiie, or blue, with bills as bizarra 
fts they are bufte, Andigetut is commonly cfilted the ‘‘alete color'* 
(seven color) from Lis Joseph’s cout of black, blue, red, yelloiv, chest' 
nut. green, nnd white. us an entire group, is garbed 

in the most strikingly contrasting patterns of black, yellow, red, and 
green, with bills of enormous relative size and painted like a binlwr’s 
pole. Rlmmpheiitw, containing the biggest of all toucans, with 
t>eaks like elongated lobster'daws, of all imaginable and many un¬ 
imaginable designs in black and yellow, white, red, blue, green, or 
orange are themselves principally black, triiiitucfl with a yellow or 
wdiile throat and breast, nnd lesser patches of red and white or yellow 
at the base of the tail. One would naturally suppose that witli these 
flasliy cniore and their noisy Imbits and large size, toucans would lie 
among the easiest of birds to find; brut this is far from tlic case, 
I tlunk we nil fntind them to be as hard to locate, after their culls 
had given u$ their general whereabouts, as any of the bitils we cn- 
Gountered. The little green imarlens of the genus Aitlworluimphugy 
whese harsh voice seemed to me to sound like tiie slow tearing of a 
yard of otleloth, were in many plucra quite common; hut only those 
whose movements disclosed them ever fell into our hands, for it was 
about hopeless to discover them when they were sitting quiet among 
tlie leafage. The blue-breasted group, Andigena^ we encountcreil 
only '‘tice or twice. The only one 1 saw T got from the sLccp trail 
in tlui Central Andes, and it was to the rattling accompaniment of 
horns of some SO pack osen we were passing on the narrow road. 
Tlic excitement the shot ciittsed among tiie startled beasts gave me 
other things to think of at the moment, nnd I do not now remeniher 
whether my ‘‘sictc color” had a voice or not. \\1ien T finally re¬ 
trieved him he was some 40 yards or more down the steep nnd 
tangled mountain side. In this connection it may not bo out of place 
to offer one siiggretion in explanation of the great difficulty of locat¬ 
ing tlicse large and appareiiLly gaudily colored birds in the tropical 
woods ajid in retrieving tliem when alioL 
To our northern eyes, used only to green leaves seldoiit larger than 
our band, the extravagant wealdt of sire, form, and color in tropical 
vegetation offers quite as much wondermont and occupation as do the 
hirtls tlieinselvos; and here wo have a diversion of the attention, 
however uncuilscious it Way be. that certainly has its effect. Addcil 
to this, there are actual variations la the accustomed color of the 
foliuge that repeat with greatest suggestiveness any red, yellow, 
hliiG, green, orange, or other color tliat may bo present on a binl- 
Xo touean’s throat is yellower Uwn the light shining through a 
thin leaf, and when leaf forms are further complicated, like those 
of the DtndrophQum creepers, by haWng great hulre that let through 
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pfltclies of the ttjirk backgi'oiind or the blae ekv. no bJnck.paiL'hed 
toiicati in the foreground looks more velvety 'tlimi do these leaf 
interstices. As for the bizarre bills, they only serve to make it 
harder, for they bear no rasendilanLe to bill or bird and simply 
merge their brilliancy with that of the w'bole picture tliev sit in. I 
don’t know Jiow muny timci) I have searched and searched’and scniti- 
nized, to find tlu! author of some niiioous esrping, onlv to see one of 
the large toucans burst away from a perch in plain sight, where he 
hiid been all tlio time. This has happeiiLKl lo me so frotiucntly that 
1 am sure other students must have had the siuiie experience. 
Perched on u dead stub ubovo the sky line, toucans, like everjJtliing 
else, ore eonapicuous in tlm extreme: butting (juietly within the shade 
of the forest cover, however varied their patchwork coat, tliey melt 
tantaliiiingty into tlwir setting. 

The big black toucans of RhamphaHm uro genemlly called by 
the natives Dios te do or Dios te ve—meaning God will give to vou, 
or secs you. This is not a confession of faith on the paii of 
the simple nntiVC, but u free and lilting transcription of the bird's 
call. It gives the rhythm and geuend shape of the sound fairly 
well. I endd analyze it a little more closely by billing it a bud, 
hoarse whistle, with the worda Tios-to-to or Tios, to, to, to. It lias 
Bometiiing of the queer quality of ii yellow-billed cuckoo’a song, only, 
of course, it is much larger and louder. R. tocard is I he ^ Dios to da,” 
but the name foirly well fits and is generally applied to the wholo 
gitjup of heaiy billed toucans. 

The only other group wo encountered ivas Ptiroglogaut, the ara- 
can toucams. Thesis are small toucans, all joints and angles, much 
given to going around in nois}' troops like jays. Skillful and jerky 
aercjhata, they are the very extrema of bow-legged angularity. 
L.ui'ioua as jays, they jerk and perk their way up into the bruiiclies 
of some dead tp«., dumsy beaks and ildn pointed taila 

each other at odd angles^ Toucans are all gix;at tail 
jer era, and the uracark the most switeby of all. Their harsh mob- 
ing cnes recall somo similar sounds made by jays, but are even 
ou or and much mote prolonged. Both are a great nuisance to 
e unter, us they follow endlessly, their curious prying screeches 
an fsquawka h;j.jg requiring more 

^ their approach. 1 ahoidd. call their most charaLterktle 
^ise 11 intUingj throaty squawk. In any case it will not take a 
theb^. identify those birds, as they ate restless and 

loucanTof^ strongly snspect all the 

in n nihility to slip tioiseJeaaJy nud rtipidJy atrny 

riinfihu h KRtiEfk'd or ihtdr foiLr They are 

o iim Joii^ leupa frum brtinch to bruach with their wtng^f 
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elijBt'il, likt? jflj'j? rltiJ <-iirk(Wt 5 , only more #io. Wlntt with their looks, 
their noias, anii their lielioiiii tia of birrls luis more nmiisiiig 

anil UUetTCbtiiig nevv.anKitioriii to otler thtm tlie loiiciius. 

The family of ciirkiHHj luii? some very interestiTiig Jevelojiments in 
11 If Am er i can Tittpics. The li tt! e foil r-wi iijj (/^ iplopt^is ), bca rd in 
tlic sunny river bottoms sml lower brushy alupcs—such placss ns n 
Iji'own thrusher would affef't—has perluips the most insistent voice 
In his hahiliit. The commonest is an tisi^endin^ eoiiplet of noles a 
semitone apart'—E, F. Thiti if. a ^larp, pieiving wliistle that get^ 
to lie BB milch n part of the filiimniering' Intida-iipe as a hylfl'K notes tin 
of a uuilhem meadow hig in Aljireh. Indeed, the four wings fuller 
song, which is a king, piercing note followed, after n short pmo^, hy 
ori Hsi'ending eeries of shorter notes, a woke a strangely fiuniliar chord 
which T afterwards attached to the verj'^ simikir potul toad call at 
home. The naino four wing arises from the ewrioiis overdevekip- 
meat of tho false wing or thumb plumes, wliich in this queer little 
bird fiirni a sharply defined and seporatelj' disten-Hlhle fan of Iditck 
which Ihe bird displays with a curious ducking mtitimi. 

The larger brown cuckoos of llie genus Phri/ii., which the nalivea 
nither aptly call “squirrel birds” from their color and the alipfa-iy 
way they glide through the hratirhta, I linve iisver Jicard call but 
once, though they are fairly eummon tliroughmit roost of tropical 
America, This one sat in n bare wropin tree, and did n lomi 
rough kek, kek, Itek, repoaUd *,11) tiints or more, and 1 at first took 
It for n big woodpecker. 

It is tho little black, witchliko an! iliat Is really tho common 
cuckoo of the open aivtmnns, and nliounds over the cattle ranges and 
around die villages. ITiere are a great many common native miiuei 
for these conspicuous little hhick whiners, tlic commonest being “gnr- 
repatero,’' or tick enter. This name is almost universal, thcuigh in 
Ciibfi iifid Pnrto Eico it bears, from its obseqttioua manner and its 
great thin curved beak, Uie apt title of jiidio—or Jew. ITvey are id- 
most always in molt, and lofik shoddy and worn, and their peevishly 
whined “ooo-eek” gets to be a mildly onn(j3‘in£ uccotupanimont to 
the day’s work, 

Tho barbeta and puff birds (CapUo and /jfwtw) fall naturally into 
this group, though tiiey did not give tis miicli to work on us to their 
notes. ifufTo was uamiliy found perching i|iiietly on soma twig half¬ 
way up in the tree.^ along tlie roadside or pasture edges. All I re- 
ineiuber of him is that he laid a buzzijig sort of scold, and could bite 
a piece out of my finger when caught in the hand. 

The little spatted burhet. however (C, (mratutt), at Buena Vista, 
on the eastern foot of the Andes, had a curious little toot that was the 
despair of ail of ils till Mr. C’impnian msiociated it with C’a/iito, 
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IIooL-oot . i . Iioot-oot m perfect time—hoot'oot (blimk ), lioot-uot 
(blank). alniu^t Jiidelinitelv. It was ii jjerv^^siTe sound, idxiiit as Lund 
as iintl very like ilie imlividual toots of \t acreeeli owb and w:ts given 
to tlio invariable accoiiii>a.uiment of tlie iwitdimg taU^ and witL the 
neck humped op and the bill directed downward. 

Every student in the Trupics hopi^ he may soon m^^t with trogons^ 
at once llie t^autiful and the most mysterious of all the vnricfi 
trojiJcal birclsL Kothingconld cxcwhI the riehnesa of their contrasting 
hlfXHi-red imcler parts, white and hlavk tjiils, nrid resplendent enier- 
ahhgnEfen heads and bucks. The larg% Phar&mficniJi trogonsn, of 
which the famed quetzal is a type^ with their delicate richly 
gorgeoiis and pendulous tnuntie of feathers, are, for &hccr bcHUty, 
among nattire's ti iily great ti-iumphs,. and can not fail to force deep 
appreciation from tlio mti^t eaJloused or mercuiiary cnllector. P. 
irufijrmFiiijf Inis a loud, rotting call, which I put in my notes as whcc 
oo, cortc done in a rounds velvety whistle, WLieiu ikfter quite a 
long time spent in iimtatlng tlic tinknown note, in tJie soggy tree-fern 
forest at the ridge of tlse coast Andes^ thbi miignifiwnt ruby and 
cmei-ald creatnm came swinging toiivard me m deeply xiiiduluting 
waves and perched aleitly in full sight not far away, I fonud it hard 
to breathe so great was my exeitcnicnt and joy. Wc never found it 
II eomnion bird and only tliree were seen in all our travel inColomhin. 

A congener of the goldendieaded trogon. fails in 

clcguiice l>efore tliis diGtingukhcd l>caut 3 ^j though a marvel, never- 
thclf^ Its not^ are mure commontdat^ too, being merely booming 
lioobi, not very loud but quite pervusi ve* The little banded trogemsH 
with pink breasts, as %vell m the yellovv-breasted ones, have very 
chnnicterl^ic calls, so like each otiicr that I never learned to dii^tvn- 
guisli the various si^Hwics, They all sit ipuetly on some slender [H^rch 
nr vine stem, imd do their iTilling call nik, nik, uk, uk, itk, k, k, k, 
all on the same note. Ifero again tlie tail seems to be inclisf^ensable 
to the performance, and jerks slLurjdy forward under the perch with 
each i^dlable. More than emee this motion became tlie iriders to the 
autlnii^hip of the iitrangely pervasive arid ventriloqiiisitic sound. 

One other gi-otip of birds lias this t(uiet fashion of softly hooting 
from some low percli lb the thicker and more watered parts of tLse 
forest. The curious racket-tailed motuiotai have what 1 call the moid. 
velvety of all bird notes. Tt is usually a single short “^otit,^’ pitche^l 
about five tones Iwluw where nne can whistle, Tliiii note is very 
gentle, though fairly loud* niul I Uiink that some jx^rsons who do not 
hour low* vibraiiiiiia very well wotdd ofteo fall to notice it at a short 
distance,. Mo^it of the natives have sound names for tuotiuots, and 
tho Klaya Indians of Yucatan cull the brill iacit litLlc toh,'* 

iindj as an appreciution of this intei^, he lias vutue to nt^ and 
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rcHj^ f:imiliiirlj in ike ngc-Iong descrtcJ rinns of their former glory, i 

liideecL the^ mAlstorroiTS, gent I ahj, little birdi? came to me, ai 
luabt, to be the living symbol of this great lost mngnificeiiec: for the 
present-day ihiya^ know naught of the art and history of their great 
forefathers* whose temples and beautifkil bmldings are now in utter 
fihlivton and ilisiise, except as the shelters and dwellings of little 
toll," Ibc motmot. and hk goft hoot ig the only sound that ever iflgnea 
from their caiwed portals. 

VL—i'AHinVl^f. AND PIGEONSi THK VOIfTICS OF A TROPICAL 

AlAItSH. 

When one with wild parrots for the first time he getst iin- 

diltited* the pure breath of the Tropics. And when, after an ac- 
i|najiitanee wiiJi tlie parrakeets and parroUets, Hie larger and more 
thrilling kiniis appear tlie fienaations are even richer* Abont Cali* 
imd in lived most of the other South Aitierkiin town^s and villagi^s^ 
the little green and shy'-hliie parrotlet^ fill the place house sparrows 
occupy with us,, nesting in the bamboo ridgepoles of the houses end 
adopting a familiar attitude toward mnn and his works. The na¬ 
tive children ftbuost uuivemilly tame them^ and in the patio of the 
Cali Hotel, 17 of them lived in perfect familiarity among ilie roses 
and flowering vines. Their clurping and twittering reminded me 
of nothing inure than the noises made by sparrows, tlioiigh Uio fact 
that tliey were indigimouia, coupled with their conhdmg friendlmc® 
and lieautifLil cotorEi^ reiuoYed the prejudice that the reminder 
miglit otherwise have eugendered. 

^\lld parrots make the same raiicotis notsea tliat tame ones do^ and 
a feeding flock, unsuspidous of man’s prosinnty, h constantly in 
low, chuckting conversation- But many and many u time I Imve 
heard them up tlie trail and, cautiously approuehing^ have hecome 
aware tliiit I was observed, when all sound and motion ceased while 
I was fitiU some distance from their feeding tree* With till their 
scarlet and saffron trimming* ihe parrots, in my ex- 

|>crienceH take an palm over all others in the gentle art of 
cearing to be where you know diey nm I think wc all had the 
experience of searching till our oyes ached where we knew parrots 
were working without being nble to discern n single bird* even in 
the comparatively open leafage along the tjsib. Suddenly, with¬ 
out ilie slightest warnings as the entire flock took rimult,^ncou.s 
abiriu, the iimocent air woidd be rent with tim hellish screeching of 
SiOO fiendish birds and gnrgcous witli ttie flashing scarlet and blue 
und gold of noisy winga as these capricious and tliHlling Ifirils 
would leave for another part of the forest. The tree would literally 
explode parrots. 
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After EOtrte i?xperienw with tlieni we eBtne Lo cli^ingiiish the 
thiTO Me’Clean Amasonm by their eriKi when they were fur 
nwny 10 tell by Bight. A, Uie double }^l|qte bend'’ of 

fandet^^- cried quite phiiiily '"cut it out, cut it miU” wUde ciridi- 
CM lied I Mil I poll parrot, poll poll piirrot,’* nnd -^1. autum- 
nai!^, frooi ifouliiem V"eni Cniz, bud r snflictenlly distinct screech 
to iinmediiitely stump it bjj Boinetbiiig nUbougli I made no 

transcription of its yeU. 

Connres all make rcgulrir piinot woii^ tliougb sluiller anrl 

lighter^' than tlio^ of tbe lnrg:er kinds, lint the noise" in 

parrotdom is the greab gorgeous and ear-si>litting mBcniv, Along 
the lower Miigdiilena Hivor tbc red-and-blue nnd tbe blue-and-yeb 
low macaws were fxith quite commoii. and it is liard to say whether 
their gtTiiitest attack was on mir eyes or our ein's, Tlieir hea^^y. 
rasping yell was clearh" fiudtbk above the churning nickel of the 
engines^ even ■when the birds were some distance away in the fore^t^ 
We were frequently apprifsed of their flighty Iiigln high over tbe 
valley as tlic}" passed from one great Andean eh am to anotberf 
perhaps 3*000 feet above us, by tbo penetrating^ ihotigh distance- 
mellowed* cries that filtei^d down to ti^ Jroiu Uie scarcely discernible 
line. When heard near at band there is a heavy, hammering quality 
in a mnciiw^s screnm that makes it the most, deafening noise that T 
Ivftve ever heard from a birdi while their fiery Ijeauty affords the 
greatest sensation a naturalist gets in their country, Not only are 
their exposed surfaces brilliant, but their wing and tail lining are 
oa gorgeouB- I sliall never forget a flock of blue-and-yellow inacawa 
we passed one evening just before sunset as we were descending 
the Magdalena, Wb were between thorn and the low sun. They 
were near, and about level with our eyes, relieving against the vel¬ 
vety green of the forest wall directly where our shadowB fell. The 
Mstoiiishing glory of tholr turquoise upper atirfiice^, altenrmting as 
they flew- with inteoise cadniiuni yellow as tbe sun gut under their 
wings, kindled a flashing riot of color that made ns gasp. 

So far as I know^ pairobri all pair for life^ and every large flock 
we saw, wlicther of timcaiws^ parrots;, or parnikeets, was made op of 
pairs, each bird of which bore the same relation to the other all 
tlirougJi the Hock. They looked as if made with n paired atenciU or 
seen through ii doubk-refracting gloss. Invariably, if one bird was 
lo€it out of B passing Sock, nnothcr would soon drop out, circle* and 
come back to siie what had hap^nmed to its mate. I ft mrelvj tbero 
wore unpaired birds in a flock* they were nsiinllj apart from the 
fnsin body, and conspicuously ^ out of il/’ In flight parrols pi-osent 
a singular resemhlfint-e to dneks* partlciiiiirlj^ from ahead or behind^ 
Flying '■‘across the quarter^’^ their heavy blunt heads are, of coiira?, 
iinniistakablc. 


3^0 ANKLTAI. REKlUT SMITHSOSIAS li'SHTL'TlON, lUlff. 

W'v were kept «nii!st!mt[y intoitsilcd iu the vjirietl loiccs (if the 
dftvto iinct fiigfous. The gwitle liltle ground dovoa, htmtly higger 
Llum niitiniuivsj give n single, soft, qiiestioiuiig “ coo ” invfiriiibly ivUli, 
fi rising inllcctTOD. 1 could (lisUtignisli no niateris.} vnriiition in iheir 
i-idlii in 1'loridii, \ucuttun, or ^outh America, und even the rufous 
s^ies presented no difTorancca apprecinble to tny ear. Tlie ground 
pigeons of the genua (itoiri/ijm »IJ have gentlD, velvety voices whidi, 
licurJ In the iliiiiip gJmtm of tha cicnid forest, inijtnrt sfnti(?diing of 
the mystery and rouiaiiue of the tinamnu's tiemnlous ploinn Thov 
liave the same iincanny wny of gliding siluutlv into view and molt¬ 
ing away, und when, mrely, they faU into our hands, tlioir siiLdued 
hut ri^ beauty compels nn admiration ibat Joes not iltm wilb 
rejictitioti, 

Ihit not nil pigeons have these soft onllike voices. C’oimi/ta ape, 
cima has n harsh, nnv-voiced single “ toot,” audible at » considerable 
itleljincc. V. in the oaslem Andes, in addition to tbe 

regular pigeon clucks and contng, Las a lotid, tough call, with a 
strong roll ov '* burr*’ in it, siiggciiting a “ Klaxon ” automobile horn, 
i lie white-winged doves of iU^fopdia nj^e among the noisiest of the 
pjgwiiiA Indeed, a flock calling from a feeding tree, with their loud 
rollicking Iloo-too-coo-roooo, hoo-too-coo-roooo,’^ rriteratcvl iiiLer- 
niinably, rtfcalls a group of victoty-oraMcd tindergruJuattis ^ rooting” 
for their football tejim, I found that I could tjuite clrjjajly imitate 
this and several other pigeon calls by whistling through luv hands. 

I heai-d only ono of the big guans of Ihe genus ^'rwr. What 1 took 
to be the line Ipkck curo^uw, at Diioiia Vista, sat one eTcnhig for half 
on hour iKsfore sunset in the dense top of a grcjit forest tree and 
gave Jiis exciting cry at interv'nis of half a minute until the sun was 
well down and tlie hurrying dusk began to deepem I eaiitiousJv 
crept nenrer and nearer and Hnally gii/cd up fmm direct Iv Ijvlow, 
ilere 1 scarclicd until my neck ached, but though the cries came 
regiihii'ly and I constantly diaiiged my pwiition, the lurd was so woU 
bidden thut J never saw him, and at last I left him there, to huiTy 
out of the deejicniiig gloom of the forest before it should get fully 
dark. As it was, I bad to “foot feel” my way for the last part of 
tlie trail, night caught me before 1 reached the clearing, niis 
call la hard to describe. It was not at all “gohbly,” like ji turkev's 
voiw, hut was a loud siren call, which the tiutives interpret bv thdr 
niirne f«.r tlie bird Aliurria,” with the r’s strongly thrilled. It rolls 
<i[> 11 fnU'octave, Bustains a sceonJ, and rolls dowui again, I think it 
would carry ncross Lliu shadowed valleys in the sliH auneet forests 
nr U milo nt least, and is fully as loud as any answer a strong-hinged 
buy fiouki yell back, ^ ^ 

I ho little guans of the genus Oridiff-, the Chuchaliuias, have aliso 
a line sensainm saved up for the eager natumltst who lut^ not beard 
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them before. The male, iritli his elongated and convoluted wind’ 
pipe, has the lotider and tougher cry, which, hy virtue of the longer 
tnetniment to trumpet through, is an exact octavo lower Ihnii thut 
of his no{inal] 3 ' e<|nippcd mate* Ot tviulo, from Mexico, ^vs cjuito 
plainly Chu-cha-lae'^, t'ha.cha*kc'’Ca,” or, as the Mericans more 
phonetically spell it, “ Giiacharra'ca.” It has a very Uunum quality of 
voice and sounds nearly as loud at a quarter of a mile as it does at a 
htaidnecl yards. The Colonjhiau sfjecies heard in the Magdalena Val¬ 
ley seeini^ to luy eur to sci'eecli **Aqua-doclr.^' The v'arious members 
of a calling flock keep time, roughly, accoi'ding to sex, Tliey are 
apt to call from up on the mountain sides or in ravines, when tlie 
rebounding echoes complicate and augment the cljonis immensufly. 

Another noteworthy voice b the roiling ciy of Aramides, tlte big 
rustv'-colored wood-rnil. ^\s dusk was falling around me on a 
forested mountain side* while working my way out to the trail, I 
was suddenly congealed by a loud, rolling cry, hastily repestted three 
or four times. It sounded in front of me, Iwiiind me, over me, and 
under me. 1 U'gnn to tiunk it was all around me. A loud hoot, 
then a rising, roUuig trill—*" Got- roo-ee-e-e-e- oot- roo-ee-o-e-.** I 
found i couJil do it by “"pigeon tooting” through my bands, so that 
the bird canie quite near and thrilled me deeply. But it was too 
dark, and I knew not where to look for it. After a few responses 
it slipped away, still a mystery: hut when I reached camp and imi¬ 
tated it for Mr. Cherrie he at once recognized it as Aramidea^ itm [ 
this diagnosis is his, not mine, for 1 never hud another oiiportunitv 
to identify it. 

.iVmong the lasting impressions that I have brought out of the 
Tropics certainly one of tlie most vivid is of the great, snltr}*, odor¬ 
ous, and soundful marshes of the Magdalena and Guuca VallcyB. 
These trencherons reaches hove a foscination and exert a call upon 
the novice natiimlist that is indeed likely to get him into trouble. 
Everything that charms the senses in a northern water field is here 
mtdtiplied. Plant life is riot, insects accordingly swarm, and many 
species of birds aviul themselves of the easy food they lumisli. Tlie 
allurements of a fragrant, shimmering slieet of placid water, with 
beds of jkjoting plants made gay with the delicately lovely .Tacanps, 
fighting their innocent battles and displa^nng their lemon butterflv 
wings? the dignified spurwinged plover that trot on the margin's 
or fly in noisy flocks, like Dutch lapwings, low over the surrounding 
pasture lands: perhaps a bare snag far out in the deep marsh, all 
in glowing blossom with roseate spoonbills and snowy herons; the 
loud clutter of the giant kingfisher and the dry insping hb 
tiny ** Texas cousui; statuesque screamers posing on an exposed 
bar; the squealing whistles of the tree ducks dabbling and sunning 

180IS*—SM tOlS-^21 


522 AS^fttAL HKTOBT SMITESOS'IAK IXSTTrCTlOT!^ iJJli. 

tlieiii$ptvi>e at the edge of tlie hyncinth l»<Is—all these aod u huo- 
dred other channs lure him deeper imd deeper ifito the marsh or 
into the IiibIi reeds and papyros beds that fonn Bomo of their mar¬ 
gins. I siiall not soon forget ml hour spent in retrieving an ever¬ 
glade Icite in the great macrdi at Calamar. Here the one jjcrvBsive 
eound was the nmatant, irritating hum of t!ie myriads of ravenous 
tiios({UitcH's. Tilings ivere not helped by the discovery that I was 
Boon Oil a false bottom, made only of the suspended roots of the 
vegetation tluit rose 10 feet above me, lio that 1 went tbrougli and 
had to go the rest of the way tm my knees, up to iny armpits In 
tepid water. As 1 hutl a gun and a glass to keep drj% this was no 
joke, and I think that was the most niiserable hour I ever went 
(hi-oogb. At the end I was ti1»olutely spent and oould only craw! 
out and lie down—easy meat for the mosquitoes—for another hour. 
But it had its recompeiiscts. Into the w illow-iibe shrublwry ovur rae 
Rime the beutitifnl little yellow-headed blnekbii'd of the Tropics 
and sang Ids orehai'J-uriolc song. Xearhy great-tailed grackles 
sqiimletl, pilled, and pointefi their bills nloft in their nuptial iitti- 
tiidinizing. The red-hreasted meadowlark, also came to 

do!^ quui^R;, Uioiigh it did not sing, and 1 watched the lovely and 
delicate Httle black unH white marsh llyeatchers almost at ami’s 
length. 

There is a creature in the South American forests which, though 
not Q birfl. ranks easily iiist as a maker of weird noises. I have 
read many description.^ of bis fwrfonaanto, lint was not in the least 
prepared for the reality when 1 iictimlly liearfl it, nor did I oven 
recognize it. This is the roaring of the Bo-mllect howling inonkov- 
To my mind howling is a sort of eerie, rising and falling noise, far 
difTcrent from the deep-voiced, businesslike, bellowing roar that is 
the predominant fentiire of this little ntilm&rs iierfonnance. It is 
at least a hundred times mons thunderous and terrible than would 
seem possible from a creature somewhat larger than a big toment. 

I had heard them in the dbtance a niimhcr of limes, but it was at 
Rio Frio, on the Cauca River, where ottr little ateinwheeler was 
taking wckkI. that I first got clo-se to them in ‘'action,’’ 1 left the 
boat for a short walk in the virgin bottom-forest I heard howlers 
ft UitU> distance in. 1 knew they were small onimaU (our biggest male 
weighed IT |»minds) and eoidd do me no harm. Yet lieu I confoa 
to ft greater triumph of mind over matter than I have else where 
ever Wn colled on to effect in order to ovcrcorae the fierce desire to 
l« eomewhore else. In spite of the IntellcctUBl certainty that it was 
perfertly safe, it took nil my nerve ihnt first time to move up under 
the trei‘ whence came that courage-killing, menacing licllow. Tliere 
were only four of them—nn old ntalo, a female, and two half-grown 
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yoTing; probahly e fajidiv^ Tet the terrible tioLse that issned priii' 
dpally from tbe bearded and swollen thrcxat of the old male seemed 
reoUy to make the atjno5|?here r|Uiikc* As I stood below ho would 
rush down towanl me, bellowing outrageously, and I thought it took 
some fortitude nt first to stand by till lie retreated again. The noise, 
as 1 analyzed it at the time, was a deep, throaty| Imss mart ^th 
mmething of the quality of grunting pigs^ or the barking bellow of 
a bull alligator^ or an cHatrich^ Accompanying this major sound wa^ 
a weird, etxwriing sort of waii^ probably the eontribution of tha 
female or young, or both, Tlie uobsc was fully as toud as the full- 
throated roaring of lions, ond thnt it has marvelous carrying power 
was frequently attestecl when we heard It from the far side of some 
of the great Andean valleys as we wound our tortuous way acroiss 
the Central CordiDeni* This is, of course, in no aeusfi a bird voice, 
yet it is by far the ino^~t ^riking £»und in the American tropic:?, 
and I should feel that I had done the subject slight justice if I did 
not at least try to make it rccognizablo to those who may read these 
papers and some day hoar for tlicmsclves this astonJsliing sound. 

In bringing to a close this series of impressions It must not bo 
thought that they cover the field of tropical-bird mufsic. They form, 
indeed^ the merest nucleua on which to build. 
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THE ESKIMO CrELEW AKD ITS DTSAPPE.\EANCE.* 


Uy SIviMN H, SWfiyK. 
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It Ib now the consensus of opinion of nil informed omithologistB 
thut the Eskimo curlew (A'vsuunifuj horetdit) is at the verge uf ex¬ 
tinction, nnd by many the belief is entertained that the few scattci-cd 
birds which may still exist will never ennble the species to recoup its 
numbers, but that it is even now practically a bird of tbe past. And. 
judging from all analogous ciiscs, it must be confessed that this 
hopeless belief would seem to be justified, and the history of the 
Eskimo curlew, like that of the passenger pigeon, may simply be 
another of those ormtbological tragedies enacted during the last half 
of the nineteenth century, when because of a wholly unreasonable 
and imcontrollt^d slaughter of our Korth American bird life several 
sp^ies passed from an abundance manifested by flocks of enormous 
size to a state of practical or complete annihilation. In this deadly 
work the people of Nebraska, as well as those of our neighlMiriiiig 
StaU's, to our lasting discredit played a conspicuous and all too effec¬ 
tive part each spring, while in the fall the equally profligate gunners 
of Xew England and the Atlantic States poured Icadeu death into 
sonthtiound flocks of these unfortunate birds wdienevcr ati oppor¬ 
tunity jiresentcd itself. 

Nothing was known concerning this interesting bird until after 
the middle of the eighteenth century.' It was originally described 
by Forster* in 1773 as Scohpoie iore/tlig, from a specimen taken 
at .VJbany Fort, Hudson Bay, Pennant* in lT8ij and Hcarne* in 
1705 Iwth erronconsly referii^ to the Jiirger congener of this bird, 
the Hiidsotiiun curlew (A'umeniua Au*en/cM») os lUe “ Eskimnux 
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curleir,'’ thotigh the luttor autUor ri^ogniiied two e|>c<-'ic$i of curlew 
lui abuDdaiit nbout Ifudsna Bay from iTfift to 1772, the smullcr of 
wliich was undoubtedly the preseat species. In 17!)0 Lathuui' 
foruiutly ilcscril>ed the Hudsonian curlew and referred the Eskitnu 
curlew to tlic same geuus, but coiifu^tm bclweea the two species 
cDutiQued up to tbe earlier yeans of ibe uLnetecntli century, and the 
bii'd described by Wilson* in 1813 as the Estpiiniaux curlew” ivus 
in reality the Ifudaonian. the species rigUtfuHy entitled to the name 
lie used being unknoivn to buu. Tlie Hudsemian curleu" is u large 
bin!. alKuit 17 inches long, with a bill about 4 inches hmg. a whitish 
strliw in the middle of the top of the head and the long llight feathers 
of the wing barred with biilfy; the Eskimo euHew' is 2 to 5 inches 
sliorter, with a bill only slightly over 2 inches long, the crown un- 
striped and the llight feathers of the wing imlmrred. 

In the spHiig niigratjou this curlew passed tiirongh the interior 
of the United States, in the Jfissijssippi \'’uUey, rarely if ever occur¬ 
ring on the Atlantic Ocean or its coasts. It first appeared in ilia 
l iiited StaU^s In Texas and Ifouisiaun during early to middle 
Marth. In central Texas Brown* noted it st Boeme, Kendall 
Connly, Munch 0,1830, as a rather coiniuon migi'ant, while in north- 
em Texas at Gainesville, Cooke County, it arrived on the average 
March 17, according to Kagiiidale, while its oarlit^ date was March 
7, ISSA* In the adjacent county, IVise, it W!i» noted as late iis April 
2, 1831, while at Caddo, Okla., a ^ort distance across the lied Iliver 
from Gainesville, iu 1884 it was noted March 25 and was uhniidant 
on April 2.* In Louisiana, w'here it was a coninmn migrant,* the 
last records nre for ihirch 17 and 23, 1889,* while for Ai kaiiais tfie 
last record is from Fayetteville, March SI, 1883, on the uiithoritv of 
Pittf. F. L Harvey.* 

Tlie quadningle of States to the iiortli—Kansas, Missouri, Iowa, 
and Xebraaka—sow the paafing through of these curlews during the 
Insl few days in March and dui-ing April. By the lost of March 
the vangunrd of the birds hail reached central Missouri (St. Louis, 
Mar. 25, 1884,• and souUiem Nebraska (IVaco, Mar, 31, lOll)* 
Curlews were on the St Louis market April 6, 1885,* a dock of a 
hundred birds was seen in Vemon County, southwestern Alissnuri, 
April JO, ISM, and a flock of 10 was noted in the neighboring county 
of dasper as late as May 2, 1002.'» In ceutnd Kansas, iiccordiiig 

j LuftiAiQ. J, iQdex OreUtlKlqKfnu, tl, p, 712^ ITJKl, " ^ 

Araericau Oniitbokiicy, t, IN 15, 

* ^tvwn^ C, IfiiU. Nattiill nub, 7, jk 42, 1^. 

* W, 0ulL 35. Httftau of £icih]ij{*]cii| SurTfijr, pp+ l&lfl, 

LOQhc, W+ VY. Bitll, 2p Dirltldan af ^^bPinLe OraitlKiTDeTp p, OS 

■ CL AlUaoiekr and Kj?pljfuin„ EL IL Atih, p. 17(1 ioojL 

^FiQrtjiiiiCL E* UaiMfeirdM^ Wildfowl HEpd ntLon>h|r4ji^ pp, 41 CH 32 101" 
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to the oijscrvatmns of Kello^^g, lUey tenchcd Emporiii April 14, 18S4, 
ujid April 13} 1S85.^" In Iowa, tlie last recorded speriiHien was taken 
nt Burlington hi the e.vtrcino guiitlienstem part of the State, April 
fl, IS!)3, bjf I’auJ Bartscli.* * Tlio bulk of tlio birds reached soutlietu 
Nebru^a ubont April 2 to 24 and reiuaiiicd until the loth to 25th of 
May; in northern Xebrasica they were apparxintly most numerous 
in early May. The van readied Heron Luke, -Tacksoii County, in 
tiouthwestern Minnesota, April 3, 1384, and the next year (1885) weiv 
noted at Uiis place on April 21,= In Eoutheastern South Dakohi, 
the bulk arrived at VeitnUioJi, Clay County, May 3, 1884,= while 
Cones reported them present iu large tlodis between Fort Rundull 
and Viuikton diuring the second week in ilay, 1873,* 

Hy latter May the curlews had reached their breeding range in 
the fiu" north, on the Barren Gromids of ,llatrkfii7,ie, within the 
shadow of the Arctic Circle or oven within th* circle itself. Tiiey 
reached Fort Bcsolution, near the south sliorc of tircat Sliivo Luke, 
May 28, IStW, Kennicott lucntioiuiig in his jouruuj the taking of ti 
Hpecinicu there on tJiut date.® At Fini Arideiijon, Madjcnzie, near 
the arctic coast, they were noted iluy 27, 1805, by MacFarlane,* 
In this latter locality the birds bred abundantly, MacFariime col¬ 
lecting some 3<J sets of egga on the Bni-reii Grounds east of Fort 
^yidcrson on June 13, lSi>3, June 18,1S54, and June 18, ISGSJ Pre¬ 
viously Bichardflon hud found “one of these curlews Iiatolilng on 
thneo eggs on the shore of Point Lake," Mackenzie, on June 13, 
1322.* He nkfj found these birds at Fort Franklin, on tlie west 
shui’e of Great Beur Lake, Mackenzie, late in May, 1S40, but thU was 
probably too early for nests,'* The breeding range probably ex¬ 
tend ed from Alaska to Labrador, iia these curlews l>eiietriiteil even as 
far to the noriliwcst as Point Barrow, at tile apex c}f the north Ala.skii 
coast, where, though “ rare and irregular,'' it was first seen bv Mur¬ 
dock May 20, 1332, and last seen July 8 of that year, thus probably 
1 icing present tliixiugh the breeding season.^ ° jUso, eastern rdly it 
W03 recordetl by Kumlien ns passing in smtdl floda northward in 
Juno, 1878, at CuniljerUiiJ Bay, and a siJeciineu was taken.” It was 
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not knoi\-a. Iioirever, to hftTO actnnllj' nested either west or enst of 
the MuckenRie Barren Groiinds. 

Tile nest of the Eskimo curlew was a mere hole In the grtuiint 
on the open pinm lined with n few deeajred leaves with ii thin sprink- 
litig of dried grass in tlie center. Tlie eggs ivero hiid by the third 
week in June, As tlie setting bird would glide off before tiie nest 
was closely iippronched it wns a very difflcult thing to find. After 
leaving the nest the female usually wion ascended into the air tn a 
straight line. The e^s, iisunUy four in number, were oblong oval, 
slightly pear sliaiwd, varying in sisie from 1.90 by l.iO to by 
1 . 33 , nnd also exceedingly variable in color, n juile green or givieiiL?!! 
gray to cluy colored or olivaceous drab heavily marked on the larger 
end w ith shades of sepia to umber brown. Tlie young began batch¬ 
ing atom July la, leaving the nest os soon as imtclicd and hiding 
away in the grass if alarmoi* *' ‘ 

Ijite in July and early in August the curlew's had completed their 
domestic duties, and began congregating in flocks preparatory for 
tlieir long southward mignjiliun. Their firsit movement was from 
the Barren firoiitids soiitlieaslward to the ettstern shores of Labrador, 
where they miiioted in immense swarms. .July ;; 9 , 1933 , while Audu- 
ton was near the harbor of Bras d’Or, Labrador, ho found these cuF' 
lews coining in from the north in such dense flot.k,s ns to remind liim 
of the Bights of the piissengor pigeon.* In 1638 Tucker recorded 
these birds as exceedingly abundant, occurring in vast flocks on the 
Labrador coast.* In 18133 Dr. Packard noted a flock whidi was per¬ 
haps 11 inilc long and nearly ns bronil, and the sum total of their dls- 
tant notes resenibhul the wiinl whistling through the rigging of n 
ship, or ai tiinra fsounding like the jingling of many sleigh bells,* 
Ur. Coups in tlie same year noted their arrival at Indian Tickle Har- 
tor, Labrador, Augttst 16 , 18 ( 50 .* Norton i^twordcd tlieir arrival at 
Hoiikoii Dartor, Labrador, August : 20 , Here they found an 

abundance of food and gorged tliemselveg until they liecams ex¬ 
tremely fat. During latter August tiia bulk of the cui lews eroded 
the Gulf of $t. Lawrence to Newfoundland and Nova fwotio, and 
from tlicre struck out to sea, heading toward tlieir South American 
winter home. The records at Cartwright, J Labrador, cover the period 
from July 28 t<i OcUitor 24 .* 
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During this long Highly if the iveather flras fair and fine, little 
wns seen of the curlews fnim the time they left the yewfoitndliind 
uiid Nova Scotia shores until they reached the Tjesser Antilles, nearly 
2,000 miles away* * A few Hocks would land for a few days on the 
Dertnuda Tslands^ according to Jardine,* and if southerly storms pi^- 
va iled great niimbens of them would land* hut usually the bulk pa^ed 
on, and, flying hotli day and nighty probaldj' without hinding^ did not 
land until the I^s^ser Antilles had licen reached. Passing through 
tliese islands, they continual along the eastern portion of llrazil t« 
Argentina, their winter homeJ Barrows reixii'ts them arriving at 
Conception fJel Uruguay, in hii'ge flocks* Septendier 9j 1880, jtud re¬ 
maining until the middle of October* At Bahia Blanca they were seen 
every day until late in February, hut alter Mnrch they find disap¬ 
peared-- Most of the birds uriaTied in Argentina about tlie middle 
of Scpteml>er and wintered in the campos region of that country, 
mostly south of Buenos Ain^s.* Tliey Otnuiried soutli of the Clvtibui 
■\^aUey, Patagonia, according to Durnford, and according to Abbott 
a specimen was taken on the Falkland Islamls.’ On the west coast 
they were rare, hut oceuri^ in Chile Eouth to Chiloe/ 

But if easterly storttis occurred, the hirtlii would be driven out of 
their line of Hight, iind greut flocks would occur on the coast of New 
Knglamb fliid, less rommonly* the shores of the middle and Boiithorn 
States; or, if westerly storn^ prevailctl, they might l>e driven fur out 
to sea or even across the Atlantic, as there are several i^ecordij of tlie 
octmrrencc of the sixties on the British Ides in the fall* On Sep¬ 
tember 6, 1885, one was recorded from Cairn Moncam* near Stone- 
Jiaven, Kincardmeslure * two others were also taken on unknown 
dates on the Aide nt Ahlebiirgh, and at Wcxi^lbriilge, bolli in Suf¬ 
folk;* a fourth purebnsed in Dublin, in tlie ilesii, fXtober 21, 
1870;* another individual at Sbims* Aljerdecii^hire, September 23, 
1878 and a sixth bird, a male, at Fonst of Birse, Kinaudineshir^, 
September 21, 1880/ On ^Iiiy 20, ltK)n, an Fskimo curlew came on 
ahipboarj about halfway between Ireland and Newfoundland <lnt, 
49* K.^ long. 27* 28' A\*) in a fatigtied condition.* 

f On the Pacific coast south of Alai^ka this bird was always '^"erv 
rare* A lone specimen was shot over decoys at Sail Diego* UiiL, Sep- 
tcmla^r, 1S83* aiid w as the only one seen/ Mr* P, 1. lloaglatid. who 
is wall acquainted with this bird In Nebrteska, states that a number 

* W, W, llkilC UHiHAEt qf BftrTdcEnI Survt*jin. 74—TO. lOl 0 

*llrtrrowi, W, R, Aak, 1, p. Slff, ISSI. 

N^lurallvt* p, dbs, ISEkS, apul Tflrpcll, Blrdi, Zr a- 

11.1 ^ AttJqtUrffli, p, 177, niid flui-riaf, Himilbci*lt of Brttlnirillrdv. n. ua. 

■ lUiki. ZoolftirtM, p, i4M. l&TO. 

■ Kim, Ikxittlili NahmljJt^ p* OC* lH 7 a, 

^ rrELTTli^-llrqwd, Zoaloclil:, 485^ 1^ 

■ R. Aak, 23, p, 4?ia, 

>iju]i»i)oaf, u. A’iiK 1. p- aaa, isfl4. 
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of ago lie saw a flo^k of ^boui u dozen hiri^ at Coromido Bcach^ 
near iia Jiiaiia, Cal., and that he shot a few birdas from this bunch* * 
In Labrador the i!]skimo curlew es were fibundant until uboui lS7C?s 
according to obsenratioinii repoitcd to Townsend und ^Uleii/ but 
there was a great and sudden falling off In nnmber^s xiboiit 1S30. 
Otliei observers [dace the sudden decline hi 1331 or 180-2,' Bigelow 
states that after 1832 the birds appeared no more in .Diimbei's? ttnd 
while in labrador in September, 1000^ be beard of only about a 
dozen being st^cn on Lbe coast, and of these be pci-sonalty saw five." 
According to Dr^ T. (Irenfell the birds became scarce in the 
eighties in labrador, and in 18U2 he Haw only tvvo tlnck^ of any sis&e. 
in 1306 tiQ heard of a few do^tu being killed but did not see one.^ 
During the years 1308-1011 the birds were not noted in Lithrador*^ 
but in August and September, 1312, eight Eskimo curlews were 
seen on the beadi at West Bay* north of Cartwright, Labhidur, and 
seven of tbe^^ were shot, whUe the skins of Live were saved and i^nt 
to Cambridge, Mass,, by Dr* Grenfell, when? I hay ivere seen and 
identibcd bj^ Mr. WTlbam Brewster/ 

During ibe period of abimdanre in Labrador these birds w'ere con¬ 
tinually anil heavllj sbiughtai^. One buntti‘ states that the fisher- 
men killed them by thoui^inds, and he had pei-soiuiUy shot a hundred 
before bi'eakfa^d/ .Vnother hunter^ ni^utcd by Carroll,* said that 
he did not remtiuiber having secured leas than 30 or 10 bmee in a 
two-houra^ shoot, and m a day's sbootbig by 2b or 30 men as many as 
2,000 birds would be IdUcd for the Hudson Buy Co. s store at Cart¬ 
wright* 

Coueej-iiing tlie sligoting in Labrador^ Coues* says: 

The mast Fnicressfol metliud of DtaEalolnj^ them la ta take aach a pmJtlon as 
they iiiil pral>ul«lf fly over la [wisaliij^ from oao gnianil to aaatlier* 

Thpy timy thca Yie shot wlUi eoae^ they rarely fly h\^\i ut ?rueJi tlmea, Tlie 
jH^rtlELadO' with whlffli tliey to certulii reeJla^ around^* ei’cn whea umeh 
nsDle^toU. I atrllrJtialy lllu^rateil un one ucinKlnn. TUe tlila wmi riftliig aaiJ 
about to IlixhJ n lauiJUy flat of jjerhutks an acre Iti extent tlielr favorite 

watUla were Ed Ereat quaaUtSt-C Altliough or el^flit auoiw ra wire ^tutUmed 
Uimii the npet anti kept Up a rontlaual rouaU of flrlDjs up4m the ptnie blrtls, tEiey 
rentUEanj iti flj dEijtrni:tciUy about ov^t -our beails. notw itEiataudLuE the Dumbem 
tijjit every fell. Tliey 4:4‘e!u4-il lu terror ivsi they Hheahl their tii> 

niiitoaie4l fore of •=nullH that day, Oti nnothep ix-ch^Iod, wSu-n tbe blnlH htitl 
so hurriei«wl for reverin hours as ta aoprlve theui of oH opiKirtunlty of 
oumbera of them retiml to a very snuiU tHtatoJ, or nit her a hiruis 
pile of rocim, a few haiiiltiMt yiirtb* fnim Uie Almre, ciEVcrctI with seuwotHij uimJ, 
of reuj«e, with BuailiL I’I w it after flocU nllEhtiiJ on U lUI It w*um eompU^tely 

^ ^ PP- 

K. FI. ljim& ULM^, Wiidfawl and 4*Ewn?btnIs, fip. mi*!, 
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eovereO wlfli the blnlUj which the«, In perfect safety. iihriUmtl their iibanilng 
inenl, 


In yewfoundlanJ and on tho ?ifngdulea Isloiidii iu lUe Gulf of St, 
Liiwrencc. for manv years after lliu middle of Uie iiincttH'tUh r^ntnry, 
the Eakifljo curkwrs arrived in August and September in TiiUliuiia 
tliat darkenutl the sky.’ As Into as IS90 a “cloud'’ of thwio hiitls 
tvflB stieji yjQ the Magdalen Islands, perhaps the last large tiocldng 
of these hirds tliat was seen any h hero in the east** In lUOO one was 
killed on an island in the Oidf of St. Lawrence, in IMl one wais 
Idded oil Prince Edward L«land, in liHH it is believed one was taken 
on Sable Island, and in 1900 a male was killed, September ft, uii tlie 
Magdalen Islands.* In Jfova Seotia, since IfiSS, tliere is but one 
record of I his bird, a specimi'n in the Hali fajc market, Septe mber 11,, 
1997,* 


The fisberaien of Xeiv found land, ns well as those of Labrador, 
made ii praetice of salting down these birds in bart^lB, At night 
when tha birds were roosting in large niasies on tbe high beach a man 
armetl with a lantern to doEitle and confuse the birds could approaeh 
thoui in the darkness riuI kill them in enormous numbers bv strikitig 
them down with a stick.’ 

In New England, and especially in ifasaaelinsetts, the Eoikimo 
curlew wn.s known as the “dough bird’’ or “doe bird,*’ and the 
e.'cisting accounts would mdicate that these birds occurred on Capo 
Cod, N'antucket, and other points on the eouKt in tremendous niimbois 
in August and ,Septcmber during nortiieast storms in the early j>art 
of the nineteenth ccutmy'. Durbig these storms the birds somWtnes 
landed in a state of great eshaustion, and they could be chased and 
easily knocked down with dubs when they attem]jteii to fly. These 
immense flights continued to appear on the Massachusetts coast up 
to the midille of the nineteenth century or even hi ter* In the thirties 
and furt-ies these birds alighted on Nantucket in sueb numbers that 
the shot supply of the island would become e^ebjiuste*,! and tbe 
sluTighter wnuld have to stop until more could bo secured from the 
muinlaiu],' li}'' ISoS .Sumner* wrote for the vicLnitv of iloston; 
^ Jfone arc now to bo seen when* once they were so abundant, atul 
even the market offers bnt few at 59 cents apiece.” In other less 
frtKjiicnteJ parts of the coast, however, the bird ooiithmed common 
for 2.'i years or more, ITp to ISftl there were some birds each year 
on the Massachusetts coast, but there were none in IS62.* V great 
flight occurred then! August 20, !SC3. A few days later, on Septem- 


B’Mbid icrlM So. 1, Bhor? Olrdn. pp. 17 and 3S-*SS, iSAS. 
440^ ^ ^ Th* Wittcr-fDwl FuaUj, pp. 4*5- 
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ber 3,1363, on CspB Cod, seve^at gunnBrs kilied 281 Kskimo curlew 
)ind golden plover in one day,* 

A few Wrds occurred oti the Massochiisetts const in 1866, 1807, 
1868, 18CD, imd 1876. but none in ISfrl. 1866, imd 1871.* Tn 1872 
there were two flights, and the birds vrcro killed in such numlienB 
that two market gunners sold §300 wortJi niid lioys offered the birds 
for wle at 0 cents apiece.* Tliere were some birds in 1873. 187.1, 
4ind 18 j 0, but none in 18f4, while in 1677 there was a flight and in 
1878 » emiiller flight.* In 1879 there were no Inrck, but the nest 
three yooiw there were some; in 1882 two huntere on Nantucket shot 
6T Eskimo qurlew in one rnarning, wJiilc ut about the same time 
another hunter on Marthas Vineyard killed about 70 of them.* In 
19S3 tiiere wasn large flight August 26,» while on Augu-st 3D of that 
year tlio Inst great fli^t of Eskimo curlew and golden plover 
ofcurri'd on Cnpo C^.* Tliere were n few birds in 18^, 1885, 1&S6, 
and 1887, a numljier in 1898 and 1839, again a few birds in 1890, 1891, 
nnd 1892, while in 1893 a single hire! waa allot* and another seen* 
One bird wns seen in the Boston miirkct in 1891,* two were killed 
at (.liutbatii in lS9r>,* none weiv seen in 1896, eight in 1997. and two 
in 1898,* At Chutbum Reach one was killed in 1997. four in 1890, 
and the last one on September 13, IP00.» In 1898 ono was swn al 
DenniH, in 1900 one was killed at Eafstham* and in lOOl birds were 
killed at Ipswich* and on Erinoo Edward Island,* In October, 
1902, two were obtained tn the Bosion market and one of them came 
from Massachusetts.* In lOOS two were sliot nt Xotvbiiryport, MaSp 
aaclmsotts, August 27, nnd one of them was Baved.* 

In New York State the Eskimo curlew was seen or taken on Long 
Islimd every year except 1838 from 1985 to 1891; the last record for 
that State lieing alxjut 139C.* In early days there were flights of 
many tlionsands of these birds on Long Island, where they were 
known ns Futes,” at long intervals during heavy easterly storms, 
but not in rcrent yeare/ In 12 yeare this birtl ivas met with only 
four tunes by N. T. Lawrence, viz, .September 12, lS7,’i, SepU-mtier 10, 
1876, and September 26, 1884, two on tJie latter date.® In Maine u 
female was shot a( Pine Point Septemljcr S3, 1901, nnd two were 
shot at Hog Island, Hancock County, in. September, ISOOw^ne on 
tlii^ 2il auci one on tho 14 th—I kith specimens Wing 
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As to thtii destruction iji Miisisitvhitiwtt:;. Porbitsli' snvs; 

TIh' decmiw «f the rlough^blrcb In itn-sfmclinsetts diirlii^ thr* last ceniuiTr 
mny tm estiljilu«i) Id port hy live <K>ht]n»fll persecution tbcy siiJT{<r«tl lierv. Ttie 
arrival of ilicoe t»inla aus Itku «i|tuul for ever}' gtiDiiieF and marlcia htioter on the 
const to get to wr>rtt. TUo birds were rarely gti-en uliy rcaiit. Xsirly nil that 
PetiuilnMl oti otlr shores were shot, anti Odty tlHwe that kept niovlni; lunl uny 
chnoco for th*>lr lives. Am a consetjuartce of this continual peneenttan llie lilixls 
protiably learned to avoid the New Knghinil coast, and most of thiHsa that were 
driven to Inad by stortuN left Ihe tiioiuciil the weather was favorable fur n con- 
rJnnaacc af their digtit. Often they came in at night and went In the monUngi 


In Texas the Eskintn curteiv came in immenge dockti on the prnirios 
from lS5(t to 1875, after which reur the large flocks disappeared.' 
Small Hocks were seen in I88fi and 1890.‘ The Inst records of the 
species for Texas were 1002 and 1905, one and three individunis ra- 
spectivtdy,* The s^iecies were lirst detlnitety roctjrded for Kansas 
from Kiissell County in 1874.^ In that State these curlew* were 
abuiidont as hito ns 1878, but in 1879 their numbers were much re¬ 
duced and the birds decreased rapidly.* There wera still a few in 
tbe Kansas markets in the early nineties. The last rEcorJ is for 
100 * 2 .* 


Kastw'nrdly in the interior tli© birds were always uncommon and 
disappeared early. The last Michigan recon] is in 1883.* The last 
Ohio record is in 1878.* The last 'Wisconsin records are April £7, 
I8W,* and September 10, 1912. the latter sjiccimen a male taken at 
Fox Lake, Dodge County. WLs.* The last Indiana rceord is, with 
some doulit, April 10, 

We have no definite records of the E^imo curlew in Xebraska 
during the territorial days, aside from the recollections of the few 
snr\‘Ivors among our earliest settlers of enormous flights of '■* prairie 
pigeipiis*^ which passed through the territory each spring. As to the 
abundance of these birds in Nebraska during the early years of its 
statehood the observations of Prof. Lawrence Bruner, who distinctly 
rernemliere the flights which occurred in the vicinity of Omaha iiup- 
ing the years 1806-1868, when he was a boy 10 or 12 years old. am 
iiidicatU^e, Tlic birds would arrive about the time the'later willowB 
bc^n to bloom (latter April), being present in force for a week or 
10 ^ya only, for by the time all of dm wild plum blossoms had falU-n 
(nuddlc May) the birds were gone. Usually the heavied: flights 
occurred coincident with the beginning of corn-planting time, and 
enormous flocks of these birds would settle on the newly plowed 


r(.rttti*h E II, OunHw Olrii*. WUdfowl an^ Sbolvblidjt. |m. 416-iaa 101-* 
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iields and on tho dry burn t^olT prairies, ivhero they'searched Indus' 
triously for iasecUL 

These flocks reiniadwi the settlers of the flights of piuisenger 
pigeons and the curlews were giren the name of “prairio pigeons.” 
They (.^ntained thoiiBonds of individualB and would often form iknse 
masics of birds extending for n quarter to a half mile in length and 
ti hundred yards or more in width. ViTu-n the flock would olight the 
birds woidii cover 40 or 60 acres of ground. During such flights the 
slaughter of these poor birds was appalling and almost untielievable, 
Hraiters would drive out from Ouiabn and shoot the birds without 
merej' until they had litemlly slaughtered a wagonload of tbetn, the 
wagons Ijeing nctually fined, and often with the sideboards on at that. 
Sometimes when the flight was unusually heavy and the hunters 
wore wfll supplied with ammunition their wagons were too quickly 
and eaiiily mictl, so whole loads of the birds would be dumped on 
the prairie, their bodies forming piles as iarge as a. couple of tone of 
emd, where ^ey would be allowed to rot while the liutiters proceeded 
to refill their wagons with fresh victims, and thus further gratify 
their lust of killing. The compact (looks and tameness of the birds 
made this sis lighter po^ible, and at each ^ot usually duxens of the 
birds would fall. In one specific instance a single shot from an old 
mmixle-loadihg shotgun into a flock of these curlews, as they veered 
by the hunter, brought down 23 birds at once, while for tho next 
half mile every now and then a fatally wounded bird would drop to 
the p-oiind dead. So dense were the flocks when the birtis were 
turning in their fliglit that oue could scarrely throw a brick or mi^ile 
into it without striking a bird. 

The decade I870-1SS0 witnessed tho beginning of the diminution 
uf these great flocks of Eskimo curlew, fn addition to the numerous 
gunners who shot these birds for local consumption or simply for 
tho love of killing, there developed a class of profe^ional iriarkct 
hunters, who made it a biisine® to follow the “ fliglit birds” as they 
made their annual journey across the State each spring. Mr, Mont 
WTicelcr, living near Norfolk, pursued this business during tho lat¬ 
ter eeventiee, and his observatioiK, transmitted to mo by Mr, L, Ses¬ 
sions of that place, describe graphically the status of the bird at this 
period, and also the typical methods of the market hunter in securing 
these birds. ® 

The chief feeding grounds of these cnrlews at the time Mr. TMieeler 
wmo to Xebraska {1ST7) was in York, Fillmore, and Hamilton 
Cminties, and their heavi^ lines of northward migration across the 
were Ijctween the ninety-seventh and niticty'Cighth mendians. 

I lie birds were much less numerous north of the Plntto Tliver than 
on the ^uth Platte feeding groiinds. although thev were noted there, 
but not in latgo flocks. One spring, about IfiTO, wMie working on the 
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jfarshnil Field ranch in Madison County, following n heavr south 
wind, birds which seotnod to lijivo Iwen driven past their feeding 
groniids l*y the wind werr seen Qyitig soiitli^vanily, very cljree to the 
giwitt, apparently going Lnck to this South Phitte feeding ground. 
The birds used to ctune in about Uie ISth to the 35th of April, all 
arriving iMtvreoti these date*, and would remain until about the loth 
to the 2oth of May. Early in the season, H'hen they first arrived, 
tliey wnulii frer|Uont the bumt-over prairies, where they would occur 
ill flocks of from n dozen to 300 or 400. As the season advanced the 
dilTerent smaller flocks would bunch up until as many ns a tlniusond 
birds hod nsseijibled, but this assemblage was obvioualv made np of 
many smnll llix'k& In later years, when these praiHes commencod to 
be extensively broken up and farmed, the curlews used to feed a great 
deni in the open wheot fields, anti toward the iast they were found 
ven* frequently in tame meadows. 

In hunting these curlew the field glass wns nsetl by tbe hunters to 
follow their fligfits. The fields where they were prone to gather wore 
patrfded many times during the day. and carefully scanned with the 
glass to discover the flocks on the ground. T^’lieii the birds came In 
they would be up quite high, pcrliaps from 200 or 300 yards to n fpiarter 
of a mile, and in preparing to alight they would turn and wheel, tow, 
cring in the air while they whi-tiwl softly, would hover a while, and 
then all drop and come down, flying along over the ground for a short 
distance before alighting. The birds would always alight all at once 
and very rW together, and if the day were warm they would sit 
down very dose togi^thcron the ground, forming bunched when they 
could be readily liiscoverefl w itb tlie field glass and approached dose 
enough to get a elmt. 


There wiis no iliflicnlty iij gettmg quite dose to the sitting birds, 
perhaps withm 25 or 35 yards, and when at about this distance the 
hunters would wait for them to arise on their feet, which was the 
agnal for the first volley of shots. The stalll(sl birds would rise and 
circle about the field n few times, iifTording ample opportunity for 
further murderous discharge of the guns, and sometimes would le* 
alight on tlje ^me field, ivhen the attack would he repentwl. Mr 
Wheeler ha. killed ns many as 3T birds with a pump gun at one rise! 
Th^^T just abont I potmd euch whtn tliej fat. Some- 

tim« the bunch would be seen with the gliu^ alighting in a field 3 or 
3 miles away, when the hunters would at once drive to that field with 
a hortfe and huggy as rapidly «s they could, relocate the hinls. get out 
and resume the fusillade and slaughter. On rniijy da^-s the birds 

1 ‘I T*J***!l‘^ another, moving about in this 

way most of the day. and swming unusnally plentiful because of be* 
mg fio mucn in the aiTp 
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Other ohserrors in the Xorth Platte country corroboreto the obser- 
TotioQs of Mr. AVheeler iis to the oomparative infrequency of this 
bird north of the Pbtto Biver during these Sights of the seventies, as 
compared witli the enormous flocks found in the SoiiUi Platte region. 
Rcnim ing from Onmlia to Wist Point in Prof. Bniner recalls 
tliat though he noted tiic birds each spring the flocks were ustmlly 
tnurh smaller than the enormous flights seen ut Omaha, usually con¬ 
sisting of fiO to too birds, though occnslonallj of considemble size. 
Vear tpy year the birds decreased in numbers, until by 1878, in which 
year Prof. Bniner entered the services of the Government, they were 
seen only in small flocks or indlviduslly here and there. During these 
eight or nine years he mounted several of these curlews, three or four 
for the university niuseutu (all of which have since disappeared), u 
pair for the Dunditt E>eaf and Dumb Institute, and a pair for the 
Union Pacific Bailroud Co. 

Mr. L. Scsiicina moved to Madison County in May, 1S71, and bis 
a<?quaintance with the Eskimo curlew began nt that time. The birds 
Were then very abundant and could lip found moving alxiui over the 
burnt prairie or an occasiotiai plowed field, in search of food. Tbe 
flocks were not large, ntmut 30 or 40 birds in n flock, on the average, 
and tho banding togellier of numerous flocks such as occurred in tbe 
South Philic feeding grounds was not observed in Madison County, 
which furnished no special attraction as to feeding grounds. During 
these diij-s foo<l was somewhat scarce in Nebraska, and many of tho 
settlers were led to look forward to this spring flight of the curlews 
as a helpful source of food supply, Mr. ScfiBions possesses a specimen 
of this curlew which was secured in th^e early days, for he has not 
seen a living bird for many years now, nor has he had any sent him to 
be mounted. 

ilr. . A. Elwood, who as a boy hunter in the seventies shot quite 
a number of these birds in Antelope County, states that they were 
numerous in flocks of 30 or 40 birfls, appearing about the find week 
in hliiy anil rcinttiiiing only a very short time, just long enough to 
feed, lie Las not seen tho bird for the past 20 years or mor& Mr. 
A. J, lAsach, of Oakdale, remembers these birds passing northwai^ 
in the spring during the seventies while he was plowing for com, 
probably from tlie middle to the last of April These flocks cronsisled 
of from 20 to 40 birds, and they used to alight on the plowed ground 
and stubble tends to feed. He also has not sseen an E^imo curlew 
for tt quarter of a ctintury past. Mr. Sanders, n guide and old hunter, 
of Cturks, who lived at Silver Creek up to the early nineti^ told 
Mr. P. I. IToagland that in tlie early days tho birds were very abun¬ 
dant there, as much so as the pa-ssenger pigeon in the East, and that 
hundreds would be shot in a single day. 
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eighties the E^aio curlew began flccrensing rapidly. Ap- 

£4"- s-i K 

ti.. 8« j"™* 

wna IS comuwn as its conganer, the long-hilha] cilrlew 

z:^:t 

crensing^ ntid inany were killed by cowliovs.* *» .> ere <ie 

the nineties the Eskifoo curlew wais on T-aea-lniMii $ t ♦ 

hunters rarely met with b »«,! *t ^ reclnwd Hi ntrmbera that 

taken dari™ th” lx aO .^'^k"" "" ‘P"!"'™* 

the Eskimo curlew a^ still a «e.v™ - • reiwrted 

its dates 01 } April I toin (hpan ■ ^ ijugnitit nt OmaKa. giving 

On April 12,S OctoW I tn 16 in the falf 

near Ste,™^ Ceee’k. iZ ^ T." “* 

l» nicntinnej here that about 1997 Ijf p i 'k^°; 

•«««» hinla near Laramie W>„.ninoi.‘.4 *f“f“"'' “■'• » ""fit 

;' ‘7 I* ^pecttagi.. nertthireT'”® ‘^“‘ 

father, of Omaha, were hiiLinVnearaarfe^^^^ Hoagland and his 

floek MTitaining 70 7.,^ birds^llew uernss the '* 

over the hill. Ur. Iloacland sr disap|,eareci 

curlew and l^th men started toward thri^ft' "* J”''*® Eskimo 
lu«t seeL They saw a newly fed J 1 T ' 

found the entire (look on the freshly nTnt iT it and 

picking up grubs and i« 

entirely unsuspicious and Dermitter] Ji u T ^ birds were 

I.S desi,^. The fS w * T T <=Iosc 

obtaining in all alwut 34 of tiio biivK ^ Von ‘“”**^*'^*^‘*^ **1“'’ sJiots. 
a 8|>ecimem This was written un hv V ft «« 

Omaha World-Herald at the time bJnlf' in the 

han^ n^rchnut ^ Wa<m, who used to 

186,8'^u 1015^^7 ' 




338 SUAL flEPOBt lX3T|TlITIO^i l^lTi. 

hnm these binls mth Air. ^Tliecler in the seventies, enw his last 
Eskimo curlews ia l»i nr IW)5 on tUu old York County f«Klmg 
minneK Mr. Wliwler himself saw a ftock of nmo of these curlews 
in the spring of lt*<W or 1910 near Norfolk.^ Madisoii County. He 
was very close to them, timl positively itlenlilietl the birds* 

The hist records of toUeciefl birds for NduTtska weifl mode in the 
spring of IIHI «ttd of 1915. f >n Afarth 22, 11*11, while Air, Fred fieigiT 
wassiiootuig ducks near Waco, York Cotmty, two of these bink cii tno 
flying i*v within gun runge. nnd holli were shot by him. The blnis 
were id^tilied bv an old-tinic Inintcr, nnd were then brought to 
Lini oln and mounted by .Mr. August Eidu', in whose collection they 
arc nt present. Boih birds were feinalos, wUh w-dl-devcloped ovaries. 

On .Vpril 20. lOH, while bunting nt Clarks, within a mile of the 
field where tIw large (lode bad Iwn seen 11 years, la'forc, Mr. Hoag' 
land saw n floek of S Eskimo curlews. With Uttle ilifEciilty the 
oatire Hock w'ews killed except one birci. which made its escape. The 
hinLi were brought to Oinnhn. and >fr, Hoagland, remembering thiit 
in spite of almost conlinuai htrating during the open season he luid 
not sc^ the bird sitiro the Iiirge flock 11 years Ijefore^ ot even Ueurd 
of its being seen, took one of llid birds to Mr. AUabnugh, a taxi¬ 
dermist of Omahiu for mourning. Air. I'rcd Gootlrich, also of 
Omohu, saw this hirila, tiud wben he noted that Air. Hoagland was 
nlfoiit to have one of them mounted said he would like one moimied 
also* Two birds wero put aside for this purpose. Taiter, on wtisdder- 
ing the uialU'r, Mr. Iloagland decided to save all of the birds and 
gave oivlers to that elTcct. but they had alrendy picked by the 
cook. Ikuh lords were rnounted Ijy Air. Allnlicmgh April 24, 1911, 
and one is now in the possseasion of Air. I rod Goodrich, of Omaha, 
the other in the X. O. U. collection, a gift of Mr. Hoaghuid, thi-oiigli 

the writer. , , , , 

In April ltH3, Mr. Mont AVheeler, of Norfolk, and Air. raul Hoag'* 
land, of Omaha, were hunting sniiw near Norfolk when a flock of 
six or seven of tliese birds, flying northwest, passed over tlieir heads. 
AVheii thi: birds passed over they were not over a hundred yards high, 
and the hunters observed them until they ilisiippcared from view. 
Botii Mr. AAlieeler and Mr, Iloaglond are ]xisidve thut the birds were 
the F,skiuio curlew, and, conshleriiig Hip extended hrst-hfluii e.xperi- 
ence that both of these men have had with tlic species, there enn hardly 
be any Vjueslinn of correct identirications. AUhongh no Eskimo cur¬ 
lews were noted in 1914* a single bird w*hs kiUctl about 10 miles due 
smith of Norfolk, Nebraska, on the morning of April IT, 1015. Tlie 
bin! was alohc wbeu taken. It Came Into the possession of Mr. 
Hoagland. who had it mounted by Allabaiigh, a ta.xiderraist of 
Omaha, in whose shop I saw jt in May. The taxidermist stated that 
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ihp bind Tfits a iiiiLle and thflt It had been bit with a sinjjlc shot only, 
BO ]l bns mndo n bondFoniF speclnien, vrhith Mr. Hojijzland will 
retain in his possesaon. AIkhu the same day that this specimen was 
killed, a brother of Mr. Mont ^Mieeier, of Norfolk, reporte^l HOeing 
five Eskimo curlews at ahont the same spot. These birds were not 
disturbed, hut Ihoir occnmciice was reported to Mr, TTooglnnd and, 
through him, to me, 

hiVen in these latter captures and obserrations, when the birds 
were iieuring extinctiaii from incesaint jHjrfiCciitions, thev were very 
iinsiispicioiis and apparently fearless. They flew' away leisurely in 
close, ('Ompnet flocks, so that they could fienreely be mb^d wlien 
shot at, and a Eingle disirhargo would bring down miuiy of the birds. 

Tlie occurrence of oiglit and tlie killing of seven of these birds 
near Cartwright. La if rad or, in August and September, ID 19, and 
the collecting of a male Rjiectmcn on .September ID of tliat same 
atdiitiin while flying alone over decoys along the ahore of Fys Tjike, 
Dodge County, \Viacon.Rii), have already been mentioned. A speci¬ 
men was observed on the BcTmuda Islands, according to Kennedy, 
on .Iflnnnry 99, 1D13.* On Septenilwr 5, ID13. a specimen was col¬ 
lected at East Orleaufi, Miissachusetts, it being alone when taken.* 
These recent records for the Eskimo curlew would indicate that it 
is probably not yet wholly extinct. 

In the spring flight these curlews arrived at the same time ns the 
t^lden ploirtT, though tliey did not always frerjiient the same locaU- 
tie.'t. The Eskimo curlew was always uncommon in the fall migni- 
tioti in Nelimska. Klost of the observers who bav© furnislied me 
data on this bird {Messrs, Bruner, ’Wlujeier, lloaglnnd) have never 
seen it at that season, but Mr, Elwood thinks he remembers having 
seen the biivLs some time m October, ant] ^ilr. A. .T, T^‘ach thinks !ie 
remembers their passing through southwnrdly about Octolier 1. 
Atifdiey* records ti siiecimen sent him from lieliovne for identifi* 
Oitioii in Oetoher, 1!*74, iind states that he had observed the species 
in nortiieastem Nebraska in that month. 

The Eskimo curlew had several notes. During flight they uttered 
a fluttering “tr-tr*tr" note, which wns gi^T?n by many individuals 
at once, and descrilied 1^ Cones as a *Mow cmiv-emtloiial chatter” 
and by Jlackfly as*‘ii soft, melculioue whistle, ‘bee, Iwe.'*’ Mr. W, A 
Elwood descrilics this note ns “a sliort, low whistle” continually 
repeated by many of the birils simultaneously while in flight Mr. 
A. J, lA'ach recalls the notes as nssenibling ijiiitc closely the note of 
tlio bliipliii'd \vlien in Higlit only pcrhii[is sLortfir uod more of a 
twittering whistle, and, as it was given by a large nnmt>er, perhaps 

J, .V, Ibli, iyi4 ^ 
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nlL of the 6ock os tliej took wing and while dying, it woe diffietilt to 
catch the indiiddual note. This note was oonstantly ottered while 
the birds were dying and was often audihle before the birds could 
be seen. Before alighting, as they descended and sailed, they gave a 
soft whistle, somewhat like th© note of tlie upliind plover, according 
to Prof. Bruner, while as they walked over the ground when feeding 
lltey uttered a chirniplag whistle, as if calling to each other. 

The Eskimo curlew' was a bird of such food habits that it Ls u 
distinct loss to our agriculture that it should have disappeared. 
During the invasion of the Rocky Mountain grnsshopi>er (.Wefo- 
noplv9 nprthti) it did splendid work in the destruction of gra.sshQp- 
pers and their eggs, Mr. Wheeler states that in the latter seventies 
these birds would congregate on pieces of land W'hich had not been 
plowed nod where Uie grassliopper eggs were laid, reach clown into 
llie soil with their long bills, and drag out the egg capsules, which 
they would then devour with their contents of eggs or young Tiop- 
pers until the land had been clcured of the pests, A specimen cNatn- 
ined by Aughey in 1874 laid 81 gmsahoppenj in its stomach, together 
with a large number of small Iwrnes of some kind,‘ The bird in its 
migrations often alighted on plowed ground to feed on tlie white 
grubs and cutworms turned up by the plow, or in meadow lands, 
proliubly feeding on ants in the latter situation. Richardson records 
finding them feeding on large ants at Fort Franklin in late Mtiy, 
18:19.* Tlie curlews were rarely seen near water, but were upland 
birds almost exclusively during the spritig aiigratlon over the Creeat 
Plains region. 

Tbe flesh of the Eskimo curlew is said hy till who have ciRcn it 
to have been exceedingly well flavored, and, according to Mr, Hoag- 
land, the equal if not the superior of any of our large shore bird^ 

Although tbe Eskimo curlew is rcdtic^ to the point of estinctiim, 
it is probably not yet absolutely extinct; and if the pitiful reumnnt 
of the species could be absoltitely protected there is still a chance that 
it might be enabled to recover and be saved, A campaign of edu¬ 
cation as to the present desperate status of this bird by ail oi-nitholo- 
gists and true sportsmen, together with absolute legal pi-otection 
under high penalties e^'erywhere, and a complete cessation of killing 
these birds, even for specimens, might actually accomplish this 
result. Tlie recently enacted Federal law giving the control of 
mlgi'atory liirds to the General GovemmCMt should Iw a lurj^ help 
in such n campaign. 

F. Ifft EHtftHiwlwlflit romra.. AppcmSIiC, J>. 1S78. 
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Among both the higher und lower aoinmls are found types which 
eun build protective slielters for tlietnaelves and for their young by 
widely varying nietUodst in some eaiie$ with a high degree of art, 
in others in the simplest manner. In the insect w'orld this art 
takes the most widely diversified forms, but we can give hex's only 
0 lew examples selected from among thousands 

I. 

The nesting material is of various origins; it may be taken from 
tlie vegt'tttble kingdom or from the mineral kingdom, such as eartli, 
clay, etc., or the entire nest may be composed of a secretion of the 
insect, as is the with the cells of bees, which are made entirely 
of was. 

With the European social bees all the cells, whether intended to 
contain young larvre or only the pollen, art of the surn e shape:, the 
cells of the hinnblel^ being simply larger. In North jVmeriea other 
Iwes are found which make their celts in such a way ti*at reiuark- 
able results are obtained with Uie least possible work. These hew 
(Melipon^) have no stings. As with many other wild bees, they 
make tlieir nests in the hollow trunks of tras, where they store up 
was and honey in great quantities. The cells intended for tlie 
lan'to, placed in the middle of these masses of was, are hesagorinl 
and of nearly the some sliapc as those of the common bees, but 
differ from the latter, which are constructed hack to back in. two 
TOWS with horkontai openings, in being made in a single row with 
toe openings always directed toward the top. AU around those 
hexagonal cells toere are large cells of very different shaiie with 
large openings, intended exclusively to receive the pollen. Tlie 

Tnulalee |i,f |«n]tlulan rcviD tliv Rerua SftiiimF Oe* BclencM, F^h. IS. I DID, 
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MdijionnH and the THgoniiK have nchleved great economy in con¬ 
struction; instead of using for ull purposes thp hexagonal celia, 
mode with great latwr and with mathcmalienl jircciston, they re¬ 
serve these for the larcai onlyj constructing simplor uclk for provi¬ 
sions, The nests of Meiiponas built in hoLlow trees are sifiuettnies 
over a meter long. If the hollow of the tree is t(Kt large, they limit 
it at one end or the other by making a wall, but instead of using the 
wax for this piiriiose, since this is iiiafie only with great labor, they 
utilize earth agglutinated with a lifjuid which they secrete. TIiLh 
same mixture is used to reduce the size of the entrance to u simjde 
little hole, allowing the pai^gc of only one bee at a lime, and at 
night this opening is clostd. These precautions arc jnstified by the 
aijsence of a sting, which renders them defenseless. The (wlls of the 
larrie, in the middle of the nest, always opposite each entrance, arc 
sp«iaIJy protected by lamellio of fine wax, and, as we have just 
said, ore surrounded by provision ceUa KliajxnT like pots. Wliero 
the Mcliponns can not find hollcov trees they build by the old of the 
mixture just mentioued—earth and the spccia] ifccreticm (pro- 
P®lk) a true nest, with irregidar branching galleries, which has 
some r«semb[uiiee to a white ant's nest. 

A peculiar habit is found among the Xylocopas, [i species related 
to the Mdiiwnas, These crciiturcs, the largest of the big bees, arc 
found in the warmer iwrtions of Africa, Asia, and America. They 
make their ntsds in old trunks of trees and in dead wno<l which they 
bore with their strong jawa. In the gallery made in tlvia way, the 
feiiiidc brings together a mass of honey and pollen intcndcfl for 
lurvn] food. On this mass an egg is laid, and then the chamber is 
dostal by a wouden partition which becomeg the bottom of the ric,tt 
chamber. In this way she builds a column consisting of a series of 
superposed eelJs. After about three wcekir the hirva liecomes full 
grown and transforms into a pupa in the interior of n cocoon. The 
larva in the lowest relL the oldest, is from tlmt fact the first to be 
ready to issue ns an adult bw. But how can it get out* Must it 
wait until theyomijpjr larv» has tnin.Hffirnied, or dties it eat its w/vv 
out through the upper cells at the risk of killing all of its brothers 
and sisters? Here the insect shows a very special adaptation, us 
though it appreciated the danger to whicli such a passage would ex¬ 
pose the other larvie, and adopts another road. With its strung 
mandibles it opens n passage at right angles to the floor, and the 
othei's follow by the same mud. each one eating through the partition 
of Its own rell, and thus the whole colony finds itself lilwrateJ 
throtigh the industiy of the first one. 

Even more than the bees, the social wasps astonish ns by tlieir 
arti^ically wmstmKi^ nests, and it is rare to find insects with such 
bellicose habits devoting themselves so eousduntiously and peacefully 
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to work. Wg find nmong tUem simple combs with openings di- 
re<:ted downward, winch ure not inacJe of was but of vcgetaUe ma¬ 
terial liiiely pulverized and wmoeraiej by the secretions of the in¬ 
sert's moutlh If esuniiue ililferent wasjrs^ nests cure fully, wo 
note that some are eloiitie ami resistant, w'hile others are tender unc) 
fragii^s depending upon the materia] useil by the insecL In the sec¬ 
ond cflJseT tl'e feiihsliinte consists of long wxkxI fibers, and in the tether^ 
of a difTereiit kind of Tegetalkm. The fragile puper of the nests of 
certain species is taken from the bark of various trees and has the 
appears nee of riblwns. 

The simplest form of nest k made by the Belonoga&ter wasps. 
Tljcse liirge^ somber, silent-iljdng wasps are found in tbe h^3t regions 
of Afrie^fc. Their nests generally are made simply of cells fastened 
togeUier on top of a twig, witboui any envelojN?, altbough some spe- 
cle^i are not contented with such rudimentar 3 ' nests and liuve uddetl 
to them different methods of protection. We may cite the Chiirter- 
ekaH^iriu^^ a siaicies found lu tnipical timersca. Its nt^s (pL 1 + 
fig. 3) are sc>tiiotimes much as half u motor long* and are composeLl 
of a greiit number of stories <n>nne<;ting by a central oiiening- the 
colony grows a new story is built on the preceding one, the surround¬ 
ing wall being tom down and n-vonstnicted to indose tlie new story. 

II- 

In all the ruses that we havo mentioned the nests have been built by 
the adult insects to insuro the protection of their young. Hut eertain 
liir^ie, which live it free and vuguboud life, know hoiv themselves to 
prepare u ahell for the chrj^lisT which isj of cotirso^ defenseless* 
I once had occasion to dndy the Ijirvas of one of the processionury 
f^aterpilhu^^ Anaphe, in IVest Africa. They majiched in a colicnm up 
the trunk of a tree to a biandi where they construeteirl a great common 
roecKm {pi- 2) j consisting In part of the long hairu from their boilles; 
inside this great envelope each hii va surrounded itself with a cocoon 
of silkj iind in*thc silken cocoon it iniide a capsule of panhriient- 
like tissue which served as the hist protection for the chrysalis* 
Altlioiigh in case of Anaphe the insects leave the nests without show¬ 
ing any trace of thdr lenving, with Hyissoidcs tlie exit is effected 
Ihrough a series of indiridiial holes which make the abandoned nest 
look like a sieve (pL 1 , fig, 1). 

In tropical regions one meets upon walls and irtoneSr earthy ne^ 
00 to lOO mllinieters long, of an IrregutarT oval foim, made by the 
w^a^p* Sediphron* Other nests of a rounder form are built on the 
branches and triinka uf trees by auutlicr wasp. Eumenes. These 
nests are foimd in Africa, diiefly In inhabited regions* If we 
closely examine these earthy structures wdiich arc apparently com- 
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p&ct^ wc shall fiod that they are made up of u luimber of purnUel 
cells comiected by the ioner surface, which, after being Ulled by the 
wasp with spiders for the nourishmeiit of the liirvie, ura closed so 
carefully with bits of earth that they boeome to visible. 

T.O capture the f^sder the wasp often has to uodeitake a desjK^rate 
struggle aJ'ioed with its formidable stiog; if the insect succeeds in 
stinging its prey, the conquest is easy, but the spider is not defense* 
leas. With astonishing rapidity the spider spins a sticky thread umi 
the struggle betw'cen the two adversaries begins. With great care 
the wasp approaches the spitlar’a web, and by a skillful tuauuuver 
often succeeds in stingmg its enemy. But the threads are sticky; 
an imprudence, and the w'ings are caughL Iminediately the spider 
renders tlie wasp helpless So a netw-ork of tlireads and devrairs it. 
U'hen the wasp succeeds in touching tJie spider its sting does not 
cause iuimediate lieatli, but produces a state of paralysis. If the 
spider were killed outright it could not be kept as reserve nonrish- 
mcjit, while, merely paralysed, it lives and keeps fi«sh, though it 
can not harm the larvm W'bich are at tlUs stage entirely dofenselogs. 
Usually about 15 aidders are found in each cell. The low’cr part 
of the cell is occupied by the lutwa of tlje wasp, which, after having 
consumed the lust spider, is trnnsfomied into a chrysalis in the inte¬ 
rior of a capsule of reddish-brown parchment. 

III. 

While some iiisrcts Iniihl tlreir nesis nhove the ground, others tr}"^ to 
Hnd security tmdergraund for their offspring. Among these we may 
mention the sacred Aietichmt belongiogto the group of CoprophogidL 
The Copraphugids are represented by many siiecies, of which several 
are characterized by brUJiantiy colored and inetallic-liKiking elytra. 
Their ball of provisions, of known origin, serves cither for their own 
nourishment or for that of their larvoi. In the first case the Imll is 
pushed into a hiding place, where it is gradually consumcti; In the 
other case the Coprophogid introduces an egg ijito the ball and 
buries it. 

On the plains of eastern Africa, at Uje end of September and Jor- 
iug the month of October, these insects, csijccially the great hlnck 
acurnh, Scarabacus pmtulatintf may 1>e seen making and rolling these 
balls (pi. 8, fig. 2). Their ability to discover tlie necessary material is 
leiuiirkable. If not a single one of these insects has l>een noticed oU 
great numbet^ of them will be found running around antelopes 
which have been recently sliot down by hunters. 

It is cotrenjcly interesting to wutch a scarab make one of these 
food bailey during whith process it is often iiKcSBary for the insect 
to fight with its own land. With the anterior edge of'its head, which 
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is flattened and notched, it loosens s fragment large enongti to make 
up the future ball; then with a rapid moremeat the bait is freed and 
rounded off. Then siandtug on its front feet the scarab with his hack 
feet rolls the bull thus made, During this opemtion the insect dis* 
plays great activity, but at this stage others of its kind endeai'or to 
get possession of the fruit of its toil, A struggle ensues, during 
which the hall changes owners several times, and the linat victor 
endeavors then to get tlie ball away in sofoty either for its own use 
or for that of its larva*. 

In the case just cited the parents pronde shelter and reserve nour¬ 
ishment for the evolution of the lame, while among other speciisa the 
larvee thcmse1v43s provide their own nourishment and a way of release 
when the tratisformation is complete. 

Among Uie cicadas, which live m tlie Tropics and contribute their 
song to the perpetual concert heard there during the dry season, the 
larvie at the time of being transformed Into perfect Insects bury 
themselves about ^tt centimeters deep in the earth. In digging the 
hole they secrete a liquid which assures the permanence of the pas- 
Biige by hatvlcniag the sides. The quantity of liquid re<iuired to coat 
this tube nearly half a meter long is considerable, and the insect 
would not huve enough unless while digging it encountered new ma¬ 
terial to supply the secreting orgtins. A dose examimition of the 
nest shows the presence of roots laid bare, from which the insect 
draws the sup by means of his probogeis. This nest, consisting of a 
shaft sunk in the ground with solid walls, |>cnnits the inset to come 
to the surface dunng the wnmi hours, and to bury itself to escape the 
cold, 

IV, 

An mmsiial method of making nests is encountered among cer¬ 
tain ants—those which bnild their nests in galls, On the plains of 
eastern Africa attention is often attnicted to small acacias with long 
thorns appearing from a distance to be covered with a great number 
of black bulls resembling opples hut which Ln reality arc hollow galls 
inhabited by a species of small ants, CtvRuatloffaeier tricolor. If one 
of these galls is touched, all the inhabitants come out through a se¬ 
ries of small orifices, and from the extremiiv of their abdomens, 
raised vertically, flows a white, ill-smelling liqnid, with which Uie 
galls, leaves, and branches become saturated. 

The young gnils are green in color, with a solid interior, attain¬ 
ing sometimes the size of a walnut. The ants rataove little by little 
medullary substance in such a way that the interior of the gall 
becomes ti chamber with smooth and polished walls. The gall then 
takes on the color of soot and has a ligneous textui'e. When the wind 
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blows on the pluins Uit hollow’ biilis^ pierced vrith botes, give out 
strange* low soiinda recalling the win filing of wind Ln the rigging of 
a or the tones of an eeoljaii barp—Uence the name, ucaeiii- 

flutes. 

If the eggs, larvie, or d^rysailses of the nnt worts placed in Uie 
bollow of the gall without precautions^ at every puff of wind they 
w'cmld be thrown ngaimt each other and mjtziied. To avoid this 
danger the ants build from the interior substance of the giiU, which 
has the appiearancc of an agario fuiigiis, a series of combs and cases 
in which the larvie and chrjsallsefi arc placed. 

So there really exists a kind of symbiosLa liotween the ants and 
the acados; but who profits by this symbiosis? In the galb the ants 
find protection for themfielvcs and their lan'ie; on the other haodf 
the ants cunso no damage to the acacias and give tbon protection 
against numerous euemiua- GirafFes, antelopes, and ga 2 elLcs aits kept 
away by the pre^ce of the±j;e atiLs with such nauseous secretions 

V. 

There are also cases in the insect world in which the adult U!?es 
the larva? in the enlistnjctioti of the nest. This dngnliir habit oreurs 
among certain tissued ants^^ CEcophylla, Campouotiis, and Polyrha- 
clijs- Tlie CEcopbjlla, inhabiting Asm^ Africa ^ and Australiaj build 
tbeir nests among the leaves of certain trees by binding the leav^ 
togethor with the aid of silk threads (pi. fig. 1)^ 

Among these ants there ia observed one of the most enrious phe- 
noniena of all biology. If the nest be torn in any w^ay so that the 
leaves are separated from each other, the nntf^ are Lmiiiediiitely seen 
hurrjnng out Uliile some are defeliding the nest against the pre¬ 
sumed enezuy^ the others hasten to repair the dojiiage done. From 
one edge of the tear the workers try with their mandibles to reach the 
edge of the neighboring leaf and draw' the two edgcf together tn 
ckise the break, but the distance is often too great and they at^ forced 
to form a living chain. One ant with its mandibles scIkcis one of its 
comrades by the body, so that the second one may be able to reach the 
edge of the neighhoring leal If the distance is still too great, a 
third cornea to join the oUiers* and sometimes the chain is made np of 
five or sA% ants. This work h very fatiguing, sometimes taking sev¬ 
eral hours to make sure the contiiiCt of the two leaves. The ants then 
clean up and polish the edges of the leaves, but how can they secure 
llic necessary adherence to riinkc the connection permniient, since the 
adult ants do not have setiferous glands? Tliiediflicnlty isovertiome 
by a method so astonishing tliat tlie firet obsen-ations made in Singa- 
pure in ISDU were diiubted by naturalists. IMieii the edges of ib*^ 
leaves are perfectly clean several workers emerge from the each 
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bearing a between its m&ndibles. Tbe larva is held by the 

bfidy, with the bead upward. Thtia their own larvai serve to make a 
silken net to join the leaves. Due to tbe presssijre of the mandihles, 
doubtlesi^t the larva exeretes from its month a li<|uid which in stdEdi¬ 
fying forms a sLUc thread, and by carrying the head of the Larva 
from the edge of one leaf to the edge of the other the ant obtains a 
web which azures tlm adherence of the two lear^ In the same 
way the interior walls of the nest ore formed, the larva thus function¬ 
ing as spinning wheel and as bobbin. An anatomical examiiiatioit of 
these larvaj shows that the setiferons glands in them attain dimen- 
aiomi not found in aiiy other of tlie Hymenoptera. 

YL 

From a scientidc poinl of view, m the light of these complex mani- 
festaiioiL^ the question arises aj? to whether or not they are eitprtss- 
sions of intelligence—whether the insects at work are conscious of 
the procedure and of tha importance of the end to be attained, or 
whether their actions are merely the remit of instinct, tlie in^^cta 
being incapable of reasoning. 

If the animats were simply meclniniEins with no spontaneity, a 
strict identity ought to be observ^ed in their methods of work and 
constniction. Rut with certuin species at least a remarkable adapta- 
iiility to variations In the surrounding conditions is shown, these 
adaptations being transformed, if the causes persist, into hereditary 
characters. 

Foreh tlie eminent myrmecologist and psychologist, thus ^ms up 
the ol^rvations made during more than 20 years on the psychology 
of insects; 

All the chaructertAUCft ot nina m\^t be ilerlv^l from tbe vliaracteriBtIcs of 
the hiKher iialmnls^ mid nil the chararteriBlIt^ ot rhi^ liii^ber tinlmalii uiluht be 
derived from Uiiww ef tlie loavr auliiiala. Ifi other worth, the HVolutkaorj 
fenuuhi applfesd equally Ln the realm of iD^^cboloisy m in Uie (hliyjidiUo^ml 
dODililll, 
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OLDEN TllfE KNOWLEIKJE OF TnPPOCA>rPUS. 


By Chaklzh R, 

American Mmeum ef Snlvm! A'eiff Yi>rk. 


IWlLh 4 plates. I 


Frorn time iHiineniftrial iltf: LUtcrestmg little fi^hc^ known as sea 
(ilippocnnipids) have jittracted nttcittion uti account of their 
curious form and no less peculiar habits. Owurring plentifiiliy in 
Uw Mediterrimean, the typical species Mppocfimpus 

or anUyuontm) uas well known to the ancients; and owing to the 
wide distribution of the remaining thirty-odd species composing the 
genual, sea horses have become familiar objects in most of the large 
aquaria of the world. 

We owe to tlic Inte Dn Theo<lorc N. Gill an interesting account of 
the life history of Hippocampines, published in volume 33 (J^>05) of 
the Proceedings of the United States National Museum. More r.> 
ccntly a number of pictorin! representations of the common Med iter* 
mnean sjiectes, taken from old authora, have been reproduced In a 

short popular article by Prof. K. G Osbum (Zoological Bulletin, 
Marcba 


The movements, fading, and breeding habits of these creatures 
are all e.vtremely curious, and have been so well described by Dr Gill 
that we ^11 not forbenr quoting a few p.iragn»plis from the article 
reterred to, before turning to the accounts given by two or three old 
writers not mentioned by Prof, Od>um. 

Conrerning the attitudes and movements of sea horses. Dr. Gill 
reniarfe that the ‘‘the most frequent position is a state of rest, with 
the ted wound around the stem of a plant or some other substance, 
and the ^y earned nearly or quite erect.- Continuing, this di»- 
tingfuished observer writes: 


SNcb IB the tnwt frequent iHHsIlian, but tintwIthstonrttnK the amarent rtirf.lltv 

Jhc l»dy nu, bo UimwD oatw.nl ut TartfloM naglw. nml ovon 
and the tall woiinU nftami a plant In a double coll. Once la^ 
whne one eye tuny roll taiMird you while Rnother mny be passive ur Inot 
bnckwarri or in an optMiUe dlreetfon. It hecomea obvious tlialThe 
con move Its eyes ladepcijilciitly of pibcr and In entirely dltTenuit ways. 
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AXKUAI< BEHOBT BMlTlfBOSlAN ISSTITtmOS^ I&IS. 


A tytmlcnl te r™ni«a hr the wa? in Whleh iltp little flsJiw pw at 

wnne Dlijwt, reminfUng ntie (tf the attlnns nt a Tery u(iitr'a[plit« 4 l twraon, 
nolntslni; Jtself at fnun 11m nniqwrt nne maif slowly progress still Id a 

vortical iKwitlon. Ila tall curved lawnnJ, Ita linrsal (In rnpldty nndulatlnif, luxl 
romlndlns otie of a screw urcpcllur. Its pectoral* vibratlai; In hamionv. Th« 
raphtlty of Utc undulatory or vlbnitory niovenKutj* of the dorsal nail iwctDrala 
Jh <?J«rec]iaIl3r tiotewfvrtlijr, 

r" mnosIhlM «Mrt of mail, proRTussloB cnn not 

"'■dIaaiT IlHliM. aai flexion In 
a vertical iltrortlon la limited. * 

WMth euch llTmtol jwwcn. of prwrcsalon a nlw tidjtwtiwiit of orpuM la 

T’ f"'* ^ esplaliwd one turthoil. TTip oir hladiler la com- 

l^il^ntie nppomtus of pitTEJtic sciwlbllltj-. A proof of Ibla Is that If a 
e^Kle buW,lo of n.i Inrpr than tho \^.l of n vuiy amnll pin ho ertrartod 
^ IWh lnim«IJfttcIy loaw Ite ftiullihrlnto and fail, to the ground on wigel, 
It nmrt «nwl till li* v-ound fitis bwn elmtrlaid nml a new supply of aas 
rteercts^d by ihp Inti^ql nbooilifiint^ ot tlie hlndtlur. 

As is ivoit known, the eggs of Hippociimpiis n™ tnken care of 
by the jnalc m on abclominiil sac or pouch open forward opposite 
the dorsal fin TJte same aiitliority de.wrrjW a pcouliar phase cm- 
nocted with the breeding habits in tliem wonhs; 

Aa^ibe for rcprodiietlon airpi-enetiM the wies hecomp prepared tot 

receptive timTi-'s pouch tK>cotnca tlUckenffll atH| Tartenlnr ami 
?? of the esKB und the nntriioent tpf the lUnbry tai, 

The tnalea. lu ujranl In Jtshas, are Hotnmhat soibIIpt thna the ftennk^. 
f^rlortty Is aaturaiTy mcttol os to the manner It, whlrb the epgs an, tramM 

J“in, r «vl^n>U¥ ,™c of the ntalc.^lany ^ve 

v^iphed. 'Of"*' O’* Imowo the only one whn has muBht tho female ani) male 
In art of trorwftT was Dr. Flllpo Famsaeux In liny, JS74. the doctor oh^ 
•ieried tim arpnmi h of tlic to o In on rninarluni at No pies. Ttw Bpnroacti wsw 
ant oti.x. for all, hut oft n peatwl and short each time. The m2 remnlnetl 
p^vo amt ilw ewThurtlened female advanced tmvani him aorJ pressed tho 
for Ihe exirurtoa .rt the cm aBulnst ,|,e month of ,he rail^ueK 
fo T‘ " more than a simple o™^wer2!^,rf“om 

After a nnt very 2 b Interval 
2 T ^ flU'i another transfer vma made. Five tUnd 

Fmmeo oteejTmi this strung Wrul of «.pnlatlon in a short epnee of time fta 

ta mah^Mf * t«a|sO, hut rsaeUy bnw Ioub la not stated, He hoped to bo able 

irrLrS™*— 

ImlwoT'^^rr* Hippocampus in a printed iyook, so far as 

o the present writer^ nre those given in Pietro Alatthioli'a 
Commentnnes on the «Materia Medica” of Dioscoridea, wWeb 
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passed through n number of cditbns ond trAnslations beginning 
with the ftttlinn editio princeps of 1S44. This work appcnn; to Iw 
the source of the illustmtions given by Thomas Moud'et iiihis“ Then- 
tnitn TnscctontJii ” f London, I63f), which nre copied by Prof, (>s* 
burn: mid the description therein given of liie ITippocampus is by 
far the best found iiiunng sixteenth century writers. 

Next in order of time after the wooiicuts of Matthioli. shown in 
onr pkte 1, figure 1 is the figiire of Hippocainpus given by Pierre 
Beion in his giniill folio entitled De Aquatilibus,’’ published at 
f’aris in Latin in liitiS. onil in French two years later under the title 
of “’La Nature et Ihvermlt; dcs Poissons,” A copy of Bcloii’a tllus- 
tration is refiroduced in our plate 1, figure 3, nud his description of 
the creature may Iw rendered into Kngli^i ns follows: 


The an ISC Uliiiiwnnipiis Js itcrlT*^ rrmn the Oirek wonts Kt|,>n1iyijij^ 

liorm-. and wtnpM*, it «icor[illIair. And la verity the heitd niid neck nn? shupea 
like fhewe cf a linime, and the lnw)y (j. e, tail) lilte tiuit of a eatcrrfUtir. The 
U'JTD Aippira js empToycit hy IMjay, hy Athenueua to ileslpimto tltU 

utilmiil. VeneUiio lislHTfolk «ill it ** faloiwi," nml niiwuf; ilienc .if illsnii-illcii 
niifJ (iPTiii^o It h huuAvr ha "Cilliikllii mcLrlrKi,'^ 

IlK Blzo tlihis? jjuT n nn^ra U^uglh; It hnn a ttiu^h anil mptiso skin, 

nhi] nekliLT iiacti tior Biili of utliiT kiuil iwteeM Lt m fowl. To mhw It U 
riinwf tlark^ In otlic^r Ttii* plllii an? Inu-roJly nnd Che 

neck Lh arched like llwic of a lion=^ [This! FM^menw? toltawa the Lathi vcraliaiL 
Thi* French of l.Wi n?nfls: The eUTh fln!> uiiiToreriHl jvs* Fti olTkcr nsln>s, nrjtTvlth- 
khirMlInit It u hlwMlIe^ cToaiure.^J It Ixnirs a nmali flti, a little elevntaj,* 
ukni|^ the hack, nhd imottirf-r umall one on the niwk where It Jf»|pu^ the heufL 
Ttie iDDiith U fimnll amj tuhlforta. Deafl or dried Apechueiw have the tail 
collftl Inivurdn. like tJint of a chEinielotjn; Ii la ftirolshetl with sonuU, hluut 
prlckk^, anrl la of fiundran^tdar sedluiu The sfilentja proJoclloM arise from 
trnjisncTse fotils which erwg the UlL 

C-ertaln aalhory firofoM lhal the ^fihen of nipiioctiJDptw, when mminlnglwl 
with liquid pltoh, tnllow, or oil of wmHit nmrjornm, cure haldcicvet ntid pain lu 
ihr wiliest. Ffiriaketi of when rtiAAlw!, it pnn^eota retetitlon of urine. An 
applJmlion of oil of rows Into whith the live wnlmal h/i-= boeo itrppwl and 
Mllwl lit nn elTl(3!el(!iu?i remedy for clUlla ntid fever, 

Tlif alleged medicinal projmrtifis of Ilippocampuis, which are 
gravely set foiUi by Matthioii, Beion, Roudelct, Oesner, ami others, 
are traceable to a number of late Qret^k and Roman writers, the more 
importufttof whom are Menondar, Strabo, Pliilostratus, Dioacoridcs. 
vEliajj (N. A. 14: 20) and Pliny (X. IL 33 and 3Q). Aristotle does 
not mention the Hippocampus, and this word was used by the poets 
of classical antiquity as the name of u sea monster, half horse and 
half fish, on which sen divinities rode.» It !s pi-ohably in thk char¬ 
acter that conventiomdixed representations of tlie creature a]>pear in 


^ JwraHn, D, s, “A CMatuirns of ra* Ebhm of Grme.'' i»roc 

a fl»b n oeiMii (0 oceur ODiy Ja iate wrlrltifia, • • • ma lb« ?«rcnDcu lii pUnr 

teffr l& thB Uflt of Ihe lllfiiiwmiipLU aqiJ Its ube» Iti J 
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Etniscan nod otLer nticient works of art. Our plate 3 is from n pho¬ 
tograph of nn ElriiscaD vase, which is preserved in the Boston .iVrt 
and has the ears beaudfiiU; fashioned b the form of sea- 
hnrew with the tatU conjoined. Similar figures are seen in an Etrus¬ 
can fiieze lielonging to the Sletropolitan Miisoum of Art, ^’’ew York, 
and the siunt! design is occasionnllj' found in ancient Greek coins. 
From the time of Fliny onward the ssea horse docs not reappear in 
literature until the close of the middle ages;, when the great thirteenth 
century encyclopedists, Vincent Oe Heauvia (IllflO-tafd) and AI- 
bertus Alugnus (11206-^1380}, both tnention llippocampiiiies under 
the term of “sea dragon.^ Vincent, or Vbcentins, was an extrnnrdi- 
njirily industrious and painstaking compiler. One of his works, the 
‘*Si>cculimi XatnraU,” is a bulky volume, dirided into 32 books’and 
3J18 chapters} it seems to have been given to the world nbout the 
year 1250, and was first printed at Xfiremberg in 1472. For us it 
represenU, os has been well said, “ a vast summary of all the natural 
hUory known to western Europe toward the middle of the thir¬ 
teenth cmitury.’* Books XVI and XVll treat of fowls and fislics, 
mainly Jii alphabetical order, and with frequent references to their 
mcilicinat qualities. In book XVI, chapter 133. we find the fol¬ 
lowing description of the “sea dragon” (“Zidrach»^), quoted from 
the unknown Gallie author of Liber de Xaturis Rertim 


ram halo-t fli eqniw, sed forma mlnofU Corpus mitem ex rtnnl rarte 
.Irawnl almiUmn rrt; tDtutnqi]i< tllv««inio<|e coloraima. CunOaui hutwC lutiLum 
wunOam .i<ianlJtatcm eorfiorla suti nraellaiH et tortansam, ut aiiEuis Dlflims 
quttque hiitn't Otcot plsda altqnlii. 

A|l>ert of Bollstadt, bishop of Eatisbon, the most erudite scholar 
and most widely read author of hk time, gives, in book XXV of 
pe .Wmalibiw” (Mantua, praeticaijy the same account tis 

> inccntius, only tho vernacular name for sea dragon is either mis¬ 
printed or corrupted into “Zydeath,” and a slightly different de- 
scnption of same creature is found on anotlier page under the 
caption of “Equiis mans,” as tf it were another kind of fish. One 
of the ottributea accredited by Albertus to the sea horse k that it 
e.'tpires on bei^ brought out of water into contact with the air. 
"I'-xtro aqua nihil potest: otatim enim moritur ab aqua fUttractum” 
one ri*ads at page 654 of the Lyons edition. 

Important to note is the fact that the characteristic here reported 
as holding true of Ilippocainpincs was transferred at the hands of 
kter encydopeilists so as to apply to the Remora, or suoking-fish. 
The hfteenth-century physician who st 3 lcB himreif Johannre von 
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Plate 1. 



1, HippocAHPiNEa, THE Common Medit^haneah Specieaftej? Matthiou (Eo 

OF isea^ p, 3tsi. 



a, HiPPOCAupiiSi, after PiERfle BEedn, 1653 
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Ctjbe, ^mpilep of ** Hortns Sanitatiis.’' and also Conrad G^ntu-, in 
tli« iiitddli? of tho autvcnth ct^ntury. Ijoth of wUpjh .{uute AlbftrtiiB, 
fall into tlie saine error of treating tUc “Ziilmch,” - Eiiuas marinis,’’ 
and Hippocampus as separate and dlsiiriet kinds of fishes. 

Both Vincentius and Alljcrtns Jingims, and also the English 

, Bartholuaicw, whose work on *’The Proi>crties 

of Tlimgs»; was written some years prior to 12 G 0 , take a number uf 
their d^riptions of fishes from - Do Animalibus*’ of Jorath (or 

1 ’i **** prhaps Pcrswti, Christian writer of whom 

little iH known, Bartholomew^ tncydopeilia, oomposiHl originallv 
m Latm and translated into Eniilish by dohn Trevisa in l:W, cm; 
tarns rich matenids for the study of the history of science and of 
iterature. ^Vc hocome aciiiiaiuied tlimiigh it with popular medieval 
theories in the circle of sciences that ai-e scarasJy attainable other¬ 
wise, and modern stndimts regard it as “one of the most imiiortiiiit 
dm-umcnts, hy the help of which wo rebuild for oiurselves the fabric 
of medteva] life.”* 

In view of Uie fact that popular beliefs coaconiing tl,e sea horse 
and -diip stayer” or Remora, nm a paralJol course from the thir¬ 
teenth century onward, it may be instructive to otfer at this point 
the account given by Bartholomew of the Remora. In TreWsa’s 
ve,-sum ^0 name Echeneia is either misprinted or corrupted into 
Enchinu^ just ^ AIbcrtus iMiigniis and his eoprists employ the 
erroneous tei-m of -Zydenth” for Zidrach, meanin'g “sea cLjon.” 
the account reads: ® 


Uttio Jl,b cn«tU [oftly] half u foot tong; fnr m..u«h be 
ful of bfrtJy, 00*1111*8* Ik? is utKKt virtue. F^r tin cI™vt>Eli k. tho ahlij. 

ZrZ' %hiLr,s'ss:. 

lij. Of tlie SOIL Aiii! tOiIpEn^rt m? thLs aod 1 h.-wki% tlmt 

aownrit,- whh toiapeet ami wjib ^ ^ 

After the time of these medieval encydopedists no importunt ad- 
1 itiom to the literature of ichthyology were made umil the Uiird 
decade of the sixtecntli c entury', and such notices of fislies «s op. 

■“ 

tratbfti Kf n*h iiDd ItvhlL ^ 

“ ^SintiiSfclnjr ildllir fivitrr* Lt 

Ifr-Oflwl, HT-IIH pUb'lllE]^ Id SjSlA mm \k m r iTTtrlKt^ mclllfd lajf Jil>VDfJtj Elutfs 

mu artlflti hie IL s. cx ^rprnrd In tJj* may euDiKlt 

■ Itfllw-p+ im i lUtLB-lratnJ lla^fcitnp fi>p- Julir, lSl>ft. n 

L.ns«r ' “ W" 
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pear in IiandbfKJ-ks of mediciiiD and hei^bjils like the ^ Ilortus Sani- 
tjitiii" or ‘rAInrgwrita Philosophica"" chk-dv of ofl^repeated 

lixcerpts from antieiit writfii-s on natorul liistori\ To the same da^ 
of popular liandlxwk^ helociga tlie Bo-oalleti Kraulerliudi of 
Adam Ijonicer. a work ^vliith was n^edited nml fran»- 

JuUdf and contains n rough skek*Ij of Ilipj^oeampufSp Tho 

iliuHtnitiojis shown in pktt? 3, figures 1 and "I?, ai'^e repriiiloc^l fi-om 
woodcutbi in die liVflG edition of the Frankfort [diysirkii's llorttis 
Sanitntist'' intended to i H ost rate the sea horse and Remom ( 
nrtwm/f-rA). 

Xew interest in the plants and iminiLvlB of distant lands was 
awakened by the voyages of diKcovory that were made toward the 
clo$e of the fiftaenili century and in the early decades of the six¬ 
teenth ccntuiy, and oonse^iueniiy a new era in natural science may 
be said Co tH?gin ut nhout the year I5d0. Columbus bronglit back 
with him from the New World in 1493 not only six Indianst but live 
parrots^ many plants^ and a few atuded animals^ among which lalCer 
was A fkh from Uispatilola, the peruliur ehiiractei’S of which ai-c 
recorded in bh Journal (entry for Nov. 16,141>2), !n all probability 
this was either the truEikd^h nr a Hpeeimen of Dhti^n hi»trLi\ a i^|>ecies 
whieh figures prominently in sixteenth md seventeenth century 
ichthyological writings under the mime of var. ar/u&m- 

The other variety^ calletl the /fulwta an/futUi- 

k dearly the Remora; and both fonrat are associated with 
tile original eye-witness account given by Oolumbiis of hiivlog been 
emplovivi by native West Indians for the cuptnre of other fish- Like 
other fish stories, the tale lost nritbing in repeating. Oriedo (17^35) 
^ liftetJ"" bis account fri'Ui the writings of Peter Mnrtyr (Libretto of 
ir>04 and Do Rebna Oceanis, 1511), and added considerable eiti- 
broiderj' of bis own. Itondctet passed tbc story along to Ge^er, 
.Vldrovandi. and Jolm Jomton. all of whom give lliiL^irations of the 
two ^gpecios” of KeversiiB, and" flic first-named eveji porfruys a 
filling scene in which the angiiilUform variety y seen in the act of 
rapturing its prey ^p). 3. fig. 3). Nuremberg ubo gives a 

rimtlar figure* 

Tile attentive reader will nut fail to note in these Cjariona accounts 
of the '^Keversue;' or. pr^n^erly speaking, the Remora, tliot a 
peculiar property is still ascril>ed to it which in medieval times wasi 
transferred to this gt*mis from the Ilippocnmpiis; that is, its:cxtnior- 
dimiry avemcm to tlie air* All of tlie aiithoni just named mention 
tliis diariicteristic. Thtia, Jonstoo, in hm “ Xutural Wonilers,-- s[>eyka 
in following manner: 

Tbcj ImWuti itewrauj Uto an b a FM\ of an uun^^jil flaiirc* to ft 
Knut la borJv, and It liaiti un tiui hinder part cf ibe latal a va^aicUio# slriti. 
Ulte to a gneot pai% The lalinliUnDta huld tlds Ikh kiUJiil ut liar alilif uf Ute 
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ship, with a cord, and onolr let It down, n far ns Lbs hsh ma^ jitlek hj' tJit* 
hf?e! of the ^lijp, fnr It caDhot aa^'wa^'ef endure the n^'r; uml when It mm nnjr 
ash or Totialw, whicli nro there Breatf*r ttmu a irnait Tnrgel, they let loose the 
hahl hf so won fls he l» loose, flii** swifter thnn ud arrow na the other flsh or 
Tortoise, uDd castlur; that ntln pnrsio upon th«n. luytw hold nf hla prey so fujii, 
that no force ettii unloose It, nnlcssc the)' draw up ihe cord a little and pull 
him to the hrlnlt of the For so fseon na he swa the light o( the ajr he 

forwkea hlK prey. Jfartpr, osktIIxs to him the uurlerstnnthng of 

no Ulejiiuint, for hro wjJl he iaiui>, uhd know wiint la said to him. ( Ih Utlh) 

In tiie caHj collection of voyages known as “Libretto de Tiitta 
la Xavigatione,” etc., and “Paesi novamento Ketrovati,” publiabcil 
in InOl and 1B07, an accoant U given by Peter Sfttrtyr of fialiing 
witJi t!ie “angniJliform Bevereus’' (probably AVAencta naucrafet)^ 
which apponrs to have bean deriTed froto iiersonal ooiiversiition.s 
with Culutnliua and hia companions after their rviurn from tlie sec¬ 
ond voyage, in MSI. The narrative reads; 

AfierwanUi they found farther onward lumcmg the guwa'a Gnrtleas, oB. iha 
sotithem Limst of Cuba] some Mhonnon In cortnln of their hoats of wood oxua- 
vuted 11 ho tttptfH, wiio wore ftehiag. In ihls iminner thoj- had a llsh of a form 
tiukoown lo a*. which has the hody of ua eel and larger, and upon the hwad 
It Jias a pomlinr. toit tender skla, which upieurii Ulte a targe pouch or parse. 
And UilH lt«h they drag, tied with u noose to the edao of the Imnt, lw>eniitt> it 
can hot oinlurc a hreath ef air. And w):uu tiler s®® uaj largo Qith nr tvptlle 
they looiwn the noose and this fish <it otiw dnits like pji arrow at the other flsh 
or rejdtle, throwing over it this ekJn which he Ima upon hie lieail, which he 
holiis w annl)' thnt they are not able to e^ain', and he tlcwo not Icnvo them 
if they are sot taken frout the wotor; but as sioflo ne lie feels the olr he h'av.'M 
Ms proy and the ihtheroian qnickty MCise It. And la tjic preeimcv of our ricwpic 
they took four large (ortolsce, which they gave our people for a verj' doUcute 
food. 

It would be apart from our main topic to pursue tlio sui>sequcnt 
history of the Heniora beyond calling iitteiiUod to AJdiovandi’a and 
Jonston's portrayals of iUs fomi, as sIiouti in our plate 4, Iigure 
and to Dr. Giinthers article on the genus (.inn. Jleg. Xat. Hist.. 
ISllO, 3, sur., vol. 3), !ft which (Jje more important literary references 
aro collected, At this point we may say with pJonston, at the con¬ 
clusion of his “IVondera concerning iishes,” “so much then for 
[tliis] feh.” 

Paul rxiovio (in Latin Jovius, 1483-1552), whoso work on fiislics 
WAS first pnbiislied in 1524 and pa!^>d througli three editions, makes 
no mention of Hippocampus; and in the handsomely illustrat^ folio 
of the Romim physician Salviatii, published in one finds only 
tJie bare references to its mention by earlier autbors. 

IVe come now to the giMsut encyclopedic writer, Conrad Gt^er 
(151G-15R5), apoatroiihi7,cd by Cuvier ns “le plus snvant naturaliste 
du seizeltlme si^le.*' Tlie account of Hippocampus given bv this 
compiler in his ■* Fischbuch’’ (1550), and akio in his “ Historiw Ani- 
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maliiim''" {Bmk IV^ 15.>S). foll«>ws pretty closely tlnat whidi is foimd 
in Miitthidi's eommcntiide^ m Diotscorides (1554), l)ut tlie Hgjircs 
Die uf infrrior merit. Onr plate 4^ figure 1, is reprocluced from the 
wciodcut introduced fit page of tlie •" FLscJibiicli ” ut which point 
i^e find the foUowkig piii^ge; 


ttippntampu^r ESn Elti MeerjiHlnlt- Vrjo }«QE£ier G-es|dU mul 

Grfi5«?r 

Dtp ETcw^ wTinderwem^k ton i:etMaiKekMKt£«lL <lpr nnhir r^mt^pnil Blrli 

In Til wnndorbftrlSclK'n Insoiiderlieli In fj31r^*nwlrt1i?pn Meer- 

Giler Oder ilirJ:i* welda^r rolt hoftfl" IiuIe, ctiHtiJ bnUfL tv^lfiliitnr^ m nn ii™ 
sciiwaumiondon dUdIii gi^siUipn wlrl elch elne InUwlien jifErdt ver- 

Elejeht, aDif|[^utmiuii*ii lUx hinderthclL ixSor flehtvikEin kc.i elo miOure gicetaU ImL 
i]l3 donn niM ^j^-mvlrtiRpn fij^ur wot laaf? E4irkpn wcnlirti, Spin lenge Ifit nil; 
CILI13 elniiT Iflnn, die dlchc elnra^ flfluiitpfi (wipt fsttfsespii flnKcrs* nn cler 

iiarb vomm Dlvn niifT dem brntjii mh wpyiBfipa punekton, xmtXim nni 

banek wi?y^|:Sdit; dor bo unHer etlkds lu ^luiiLpellor ntn p^tml de?!* 
fPsDhon Initki^uil njir bleloli one znroyfol i\hss or Uwll wfist Kehie Dflckonn hat or 
«kndi? Ob don anpon rwoy klolne IJtrblO-, IM Hn lionflorllplior sdi&nor wnndor- 
LJeker okUnmiT wIrt ntioli nit til vnti don llffOtM^r*^n EefanRonu • • • 

Due Itkr nnRekouckl: Bollond tn-n'ii^on nnkflsoliliolt. Item podorrot pcijDb 
Tort ujul oynpenominon ml wnjid<‘fti»rlTrii donon bBItTcn m vrin ivDteiiElen 
^EllllEloo gi^klfimn] BlfwL Ih^plcj^obon nun fftnrcfc™ ^^\ch mitf deti hts 

KrTopf. 

tbier Eti Dni-tipii ppbmiit nilt aliom nobiiillr nnd Snlnkof, Mur Mtt 
iJtfirrteom osaloli pnrpiitrliinlortp orfTITt rile kiilkl.i^D OfSof nlsipoDirpesea ljaEir+ 

ikis pnltor i3t»r ^ti->orpr}|nlon ppiii^iflson mlltpriGt tins sexton woo imTet 

den Kilrh, u™l Ln dor wpe^iss cponouimoD blltft donoii fcj dqn ham nit vcrlmlteti 
niMpend. 

I Bp pill dor thkKTGtt ««d1 oio #nndorbarp nrtinoy seja wldor vlt iirDfiien dor 
aoRt'iu 


It is evident tfint the fnmoiis sixteenth-ceatnry nntiinilist whr 
quite unaware of huvin;;. Introduced into hU work two other desciip- 
tiofiA <»f tiie suno creature, umler different niiineK, as if ttiere were in 
reality as innny dilTerent kinds of fish. Thus, the “ Eqinis marinis^ 
is descrifa^fl at page 432 in book IV of the yatiind History and tiric 
“Zidrach*^ (sen dragon) at page 1254. Far hotter illiuft rat ions of 
lIippocsim]>it>s are found in the “ Historia Pisclura” (IfJflfl) of Wil* 
iiigliby and Rny, On the otlier hand, those given in the “Thcatnim 
Animaliiim (ITIS) of donsUai, edite^l by Kuyach. and in the mlored 
plates of East Indian fishes published by Louis Eenard in 1754 are 
scarcely m-ognijtnbJe.* 

Other colored figures of both the Hippocampus and “ Heversiis 
Indicus^^ (i. hijtinx) ure shown in the plates accompany- 


*TUe M-ciUrd ot Gecpif'* dncrIpIloB !• nvt ibowo lo IbLi voodfMII*, tout 

*" ‘=“1 r»Ota»lli! form m Thomu Mocttrft’i - nieBtrum - or 


Itcnari's w»^ au lor title: “ t^twn*. fnlTlswi at mbca 4« iUT«r«af tputeuri et 
aaorn ^rtanllRBi)m, I'ob IniuTt iQlciar dr« Maluduea «t ottr l« cClff <lta terra* 

I ' ■>! ■cwHiBt oC ibMe ««ierGd dnwlnn *ee Cnrter 

■M taltndlitutr^ EUit, S*t. dt* UoUMibi, ISSSS. esl. I, p. 
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ing Theodor van Brussers ‘"Dieren, Visschen,'’ etc., published nt 
Amsterdam in 17118. Adam Lontcer's Kaiiiral History’, remarkable 
for its numerous editions and great longevity, preserved a fanciful 
figure of Hippocampus until tho work finally dbappearod from the 
book market in the eighteenth century. And with this wo approach 
tho modern period, u^ered Lo, os regards Hippocampus, by Piotro 
Andrea Hutthioli. 

The Hr^ mention of Xew TrVorld Hlppocampinea (f/. h>Hhoniaj$f) 
would up^r to be found in John dosselyn’s “New England’s Rari¬ 
ties Discovered** (lfiT2), from which we may quote in coiichision 
tile following possoge; 

Of Sail, we are best neqaalated with Sturgeon, Oramiioa, Porpno, Seatca, 
SHugreloii, whose tatles are ^lenf dEDgumus. Bretts, Mallets, wtilte S iUomii hIb, 
Trowts, Solcfl, Plttloe, BerrlnsB, Coorftsh. Kockfisb, Eds, LouirireyN, Ciitllsh, 
iS)ul<l«e^ Perch of three Crnba, Shrlmpo, Cn-ulaes. Oysters. Oodis aai] 

XIaselL>8. But the ntesi strmtite Pish Is n siuull tine, su like the iilrtare of 
Saint Qeoroe hfs Drai^ju, tut tKwttible ntii Ihv except his let^gea iitiil wlnas, juiil 
tlie TotleOah, which will sveeU UU It be Ulie to harai, when Jt Cometh into the 
Hire. 






HEREDITY.* 


By Thor. Hatbsos. M. A., F- R. S. 


the subject of the addresses which I am to deliver here and in 
Sydney I Uikc '■‘Heredity.'’ 1 sluiU attempt to give dte essence of 
the diwoverics made by lifendelian or analytical methods of study, 
and I shall ask you to eoutemplatu the deductioos which these 
physiological facts suggest in application both to evolutionary theory 
at large and to the special case of the natural history of human 
society. 

Eecogiiitiou of the signilicance of heredity is modern. The term 
itself in its scientific sense U no older than Herbert Sjjcnccn Ani¬ 
mals and plants are formed ns pieces of living material split from 
tile body of the parent organiimjiJ. Tlleir powers and faculties are 
fixed in their physiological origin. They are the consequence of u 
genetic process, and yet it is only lately that this genetic proc^ 
has became the subject of systematic research and experiment. The 
curiosity of naturalists has, of course, always been attracted to such 
problems; but that accurate knowledge of genetics is of paramount 
importance in any atlempt to uuderetand the nature of living things 
has only been reajiaod quite lately oven by naturalishi:, and with 
casual exceptions Uic laity still know nothing of the matter. His¬ 
torians debate the past of the humim species, and statesmen order ite 
present or profess to guide its future as if the animal man, the unit 
of their calculations, with his vast direisity of powers, weitt a homo¬ 
geneous material, which can be multiplied likesliot. 

The reason for thia neglect lies in ignorance mid raisunderstaiiding 
of tile iioture of variation; for not until the foct of congenital 
diversity is grasped, with al] that it imports, does Imowledge of the 
system of hereditary transmission stand out as a primary necessity in 
the construction of any theory of evolution, or any scheme of human 
polity. 

The firet full perception of llic significance of variation we owe 
to Darwin. Tho present generation of evolutionists realizes perhaps 
more fully than did the scientific world in the last century that the 
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iJieoiy of evolution had occupied Uie thoxiglita of many and found 
acceptance with not a few before over tlie "Origin” up^areiL We 
Imvc come also to the conviction that tlio principia of natnral aclec- 
tiori can not have been the chief factor in delimiting the species of 
animals and plants, at«ch as we now with fuller knowledge see tliem 
actually to bo. Wo uro even more skeptical as to the validitv' of that 
appeal to changes in tiie conditions of life os direct cjinsea of modi* 
fication, upon which ligterly at all events Darwin laid much em¬ 
phasis. But that he was the first to provide a body of fimt demon¬ 
strating the variahility of living thin^, whatever bo its causation, 
can never be qiiestionecL 

'Jiiere are some older collections of evidence, chiefly the work of 
the French school, especially of (Jodrou > (and I would mention also 
the ohiiost forgotten essaj’ of 'IVulIuslon »). There, howi^ er, are only 
fragments in compartsun. Darw'in regirded variability us a prop¬ 
erty inherent in living things, and eventually wo must consider 
whether this conception is well founded; hut jmstponing that in¬ 
quiry for the present, we may declare that with him began a general 
recognition of variation as n phenomenon widely occurring in nature- 

If a population consists of members which are not alike but dif¬ 
ferentiated, how will tljeir characteristics be distributed among their 
offspring f This is the probletn which the modern student of 
heredity sets out to invcftigutc. Fortnerly it was Imped that by tiie 
simple inspection of enibryological processes the modes of heredity 
might be ascertained, tJic acttial mechanism by which the offspring 
is formed from the body of the parent- In llmt endeavor a noble pile 
of eridence has been ncciimulaled. All that can be made visible by 
existing iucthod.<] has Iieen seen, hut we come little if at all nearer to 

tlie rentral mystery. B'e sec nothing that we can unulyiie fiirther_ 

nothing that can tK translated into terms leas inscrutable than Uie 
pbysioingical events themselves. Not only does embryology give no 
direct aid- but the failure of cytology is, so far as T can judge, djnally 
coniplcte. The chromosomes of nearly related creatures may be 
utterly different lioth in number, me, and form- Onlv one pie« of 
eridenre encouraged the old hope that a connection m'iglit be trace- 
able iM'tweeii the visildf diaracteristics of the body and those of the 
^romosume^^ I refer of course to tlie acoessory chromosome, which 
in many ttniiiials dtstinguislius the sperniHtoxoon about to form a 
female in fertilizatioiu Even it, however, can not lie claimed as the 
causi' of resual differentiation, for it may he paired in forms closely 
allied to thure in which it is impaired or accessory. The slistinction 
may be present or wanting, like any other secondary rexnal char- 
Indeed, so long as no one am show consistent distinctions 
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Ix'tween the cytologit^] duimeld's of Itssues in the some 

intliiiiiusl we van starceJy expwt to [wreeive sudv didtj net ions be- 
twijtjj the ciirumn>iomes tft the various tyfjes. 

^ Tor these inctlinds of attack we now substitute enotlier- less am- 
bitig us, perhaps, because less gornpreiiensjve, but not less direct. 
If we can not see how a fowl by its egg uiid its sperm gives rise to 
ft cliickiui o!' Iiow a sweet pea from its ovule unil its fMillen grain 
produces another sweet fiea, we at least cuii watch the system bv 
wiijch the diirerences between the various kinds of fowls or between 
ihe various kinds of sweet jieas are disti'ibuted among the offspring. 
By tiins breaking tlie mu in prohletu tip into its parts we give our- 
seJvea fresli duinws. This analytical study we c»U Mendolian Iw- 
caiisx' ilendeJ waa the Jirst to apply it. To bo sum, he did not ap- 
pi'toch tlio [trohlem by any such Jine of reasoning as I have sketched. 
Mis object was to determine the genetic definiteness of B}>ccics: but 
though in his writings he makes no mention of iuheritance it is clear 
that lie had tlie csdension in view. By cross breeding he combined 
the characters of varieties in inongrel individuals and set himself 
to see liow these cluiraclcts would ba distributed among the indi- 
vidttab of suhsi^qiient generations. Until be began this analysis 
nothing but the vagiitst answers to audi a question had been attempted. 
T. In! existence of any orderly system of descent was never even sus- 
j'jfit'tetl. Ill their manifold complexity human diuracteristics seemed 
to follow no obvious system, and the fact wus taken as a fair sample 
of the working of heredity. 

Miscorifeptioii was especially brought in by describing descent in 
terms of blood.*' The common speech uses expressions siirh as 
ewistingulnity. puni-biowled, half-blooil, and the like, iihich call np 
ft mi.sh^adjug picture to the mind. Blood is in some n^pccts a tluid. 
and tlins it is au]>pow!d that this fluid can be both fpiantitaLively and 
Hiialitativdy diluted with other Moods, just as treacle can be diluted 
with wftter. Blotwl in primitive physiology being the pecnliiir vehicle 
of life, at once its e.<iscncc and its corporeal abode, these idims of 
dilsitmn and compounding of characters in the commingting of 
Jdotdft inevitably suggest that the ingnnlients of the mixture once 
gombmed are Inseparable, tliat they can be brought together in mv 
relative amounts, niid in short tiial in heredity we are concerned 
mainly wiiJi a quantitative problem. Truer notions of gvnetie 
physiologj- are given by tlie Hebrew expression ** seed.*’ If we speak 
of a man as of the faJood royal" we think at once of plebeian dilii 
Uon, and we wonder how much of the royal lluld is likely to 1» “ in 
Ins veins"; but if we say he is “of tiie seed of Abraham’' we feet 
something of the penisancnee and imlestnictTbiiity of that germ 
uhich can be divided and scattered among nil nations, but remains 
recogtiiaiible jii type and charactoristics after ifiOO years. 
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I Imew cl biimlcr who hiul a cbegt contciimiig' bottles of colored 
Iii|tii(ls bv which be userl to illustmte the relutionships of his 
[> 00 ring from one to onotber ttnd titmtcng them r|UsntitiiUveI^v to 
illnstrute their pedigrees. Gftlton wm beset by tlie sunic kind of 
niifitjike when he promiilgnted his “Liiw of .cVjieestral Heredity.” 
TiVith modein research iill diis has been cleared away. The uUotnient 
of chiirjicUinsties among offspring is not avcomplishcd by tjie ex- 
udutloii of drops of a tincture repre^wnting the sum of the charae- 
tfristics of the jjiirent organism, but by a process of cell dirision, in 
which numbers of these clmracters, or rather the elements upon 
which they deinmiL are soited out among tJ»o riesuiting gerjn cells 
in an orderly fashion. What these elements, or factors as we call 
them, are we do not know. Tliat they are in some way directly 
transmitted by ttie material of the ovum and of the spertnato»x>n 
IS obrioiis, but it seems to mo unlikely Umt they are in anv simple 
or literal sense material particles. I suspect rather that their prop¬ 
erties depend on Bomo phenomenon of arrangement. However that 
may be, analytical bivcding proves that it is according to ttie dis- 
tiibiiLiun of these genetic fnctora, to n!;e u noncommittal term, tliat 
the characters of the offspring are decided. The first biisin^ of 
experimental genetics is to determine their number and interactions, 
and Ujen to make an otyilv'Eis of the various types of life. 

Now the ordinary genealogical trees, atich as thoeo which the rfud- 
books provide in the cose of tho domestic animals, or the Heralds’ 
C’ollege provides in the case of man, tell nothing of all this. Such 
methods of depicting descent can not even show' the one tiling they 
are deri.«eil to Bhow—purity of “ blood.” For at Inst we know the 
physiological meaning of that expression. An organism is pure bred 
when it hrts been formeii by the union in fenilijjalion of two germ 
cells which are alike in the factors they be.ir; and since tite factora 
for the several characteristics arc independent of each other, this qms- 
lion of purity must be separately considered for each of them. A 
man. for example, may be pure bred in wsiKict of his musical ability 
and crosbred in respect of tlie color of his eyes or the shape of his 
mouth. Though w e know notlitng of the eosential miture of these fac¬ 
tors. we know a good deal of their powers. They may confer height, 
color, shape, iastincta, powers both of mind and body ;*iadeed,so many 
of the attributes- which animals and plants posses that we feel justi¬ 
fied in the expectation that with continiKsl unet^'sis they will bo 
proved to be mjicp^blp for most if not all uf the differences by w hich 
the vorying individuals of any speeies are distinguished from each 
otlier. I will nut osBert that the greater differences which character¬ 
ize distinct species are due generally to such independent factors, but 
that is tlie conclu^on to which the available evidence points. All this 
IS now so well understood, and has been so often demonstrated and 
expounded, tliat details of evidence am now superfluous. 


H E BEDITY—B ATEiSO S. 


363 . 


But for tlte benefit of diotjf who ft re unfamlUar with such work let 
mo briefly epitomize itf^ cuabi feuiurtts imd eoiise4|UeDces. Since 
getietic fnoun's are definite things eitlier present in or absent from 
any germ cell* the indiTidiiiil may be either '*pure bred” for any 
particular factor, or its absence, if he is constitiited by the union of 
two germ celU both poseossing or botli destitute of that factor. If 
the individual is thus pure* uU his germ cells will in that respect he 
identical, for they are simply bits of the similar germ cells which 
united in fertilization to produce the piireDt orgnnisnL We thus 
reatdi the esseutial principle, that iin orguiili^ can not pass onto 
ofTspring a factor which it did not itself receivo in fertilization. 
Parents, fhcrefore, which are biah destitute of a gheu factor can 
only produce offspring equally destitute of it; and, on the contrary, 
parents both pure bred for the presence of a factor produce olfgpring 
equally pure bred for its presence. Wlicrcos the germ cells of the 
pure bred are all alike, those of the croesbted, which results from 
the union of difflimilar germ cells, nre mised la character. Each 
positive factor segregates from its negative oppusilc, so that .some 
germ cells carry the facter and Some do not. Once the factory have 
been identified by their effects, the average completion of the sev¬ 
eral kinds of families formed from the various matinga can be pre¬ 
dicted. 

Only those who have themsel ves witnessed the fixed operations of 
the* simple rules can feel their full signiticmice. We come to look 
lieliind tlie simulacrum of the individual boily and we endeavor to 
disintegrate its features into the genetic elements by whose union the 
body w'os formed. Jjet out in cold general phrases such discoveries 
may seem remote from ordinary life. Become familiar with them and 
you will find your outlook on the world has changed. Watch the 
effects of segregation among the living things with which you have 
to do plants, fowls, dogs, horses, tliat mixed concourse of biuminitv 
we coll the English race, your friends’ ciuldrai, yonr own ehildreri. 
yourself—and, however firmly i map nation be restrained to the bonds 
of the known and the proved, you will feel something of that range of 
insight into nature which ilendeiism has begun to give. The ques¬ 
tion is often asked w*hether there arc not also in operation systems of 
descent quite other than those contemplated by the Mendeliim rules. 
I myself have expected such discoveries, but hitherto none have been 
plainly demonstrated, It U true we are often puzzled by the failure 
of a parental type to reappear in its completeness after a cross—tlie 
merino sheep or tlie fantai] pigeon, for example. These oxceptiona 
may stUl be plausibly ascribed to the interference of a multitude of 
factors, a suggestion not easy to disprove: though it seems to me 
eipmlly likely that segregation has been in reality imperfect. Of the 
descent of quantitative characters we still know practically nothing. 
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These and hosts of difficult cases remain almost untouclietl. In par¬ 
ticular the discovery of E. Baur, and the c^-idenec of Winkler in re¬ 
gard to his ‘‘graft hybrids.-’ both Viewing that the suljopidertna! 

Itiyer of ti plant—the layer from which the germ cells are ilcrived_ 

may bear exclusively the diameters of a part only of the soma, mvo 
hints of curious complications, and suggest that in plants at least the 
interrelations betwi«eti amia and gamete may be for less simple than 
we have supposed. Noverthcless, speaking genemllv, we sec nothing 
to indicate tlint qualitative chametere desccud, wlmther in plants or 
aliimuls. according to systems which ore meafmble of factorial rep¬ 
resentation. 

The body of evidence accumulated by this methiMl of armlysia is 
now very large, and is still growing fast by the labors of many 
worker& Progress is also lieginniiig along many novel atifl curious 
lines. The details are too technical for inclusion here. Suffitai it to 
say that not only have we proof that segrega tion nlTects a vast range 
of chameteristics^ but in tho course of otir analysis pheuoiucna of 
imwi iincxfiectcd kinds have been encountered. Some of these 
thinga 20 years ago mtmt have sccmetl inconcoivulilc. For ex¬ 
ample. the two sete of se\ organs, male and female, of tho saiiia plant 
may not be canymg the some characteristics: in some aitinials diar- 
acteris:tics, quite indopondent of sex. may be distributed solely or 
predominantly to one se.v^ in certain species the male may be 
breerling true to its own type, while the female is pei'maneutly mon- 
pel, throwing oil eggs of a distinct variety in adilttion to those of 
iU own type; characteristics. eisBcntially imiepimdent, mnw be asso 
ciatfd in special combinations which arc largely retained in the next 
generation, so that among tlie p’unddiildreu there is numerical pre¬ 
ponderance of thoj^ combinations which c.visted in tho grand- 
porente--a discovery wliich introduces as to a new phenomenon of 
pilcirity in tlie orgunism* 


W a are accuiitomed to the fact that tho tertilizwl egg has a polar¬ 
ity, a front and hind end. for e.xampk; but we have nowr to reco-rnize 
that It, or the primitive genoinal cells formed from it, mav have 
another plarity shown in the groupings of the parental elements, 
I am entirely akepticnl att to tha occurrence of segregation solely in 
the maturation of the germ cdla.‘ preferring at present to regai^ it 
as a spct^al case of that patchwork ootidilion we sec in so many 
plan^ These mimics may bitaik up.emit4ing bud sports at various 
rell divutiop, and I suspeet that the great regularity seen in the 
1'. ratio.s of the cereals, for example, is a consequence of very late 
s^regation, whereas the excessive irregularity found in other cases 
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iiiAv bei tiikm intlicaip tlut segi'iigat.ion ciin happeu at <‘nrlicr 

stng«.s of tlifrurciitiAtlon. 

The piirnJoxicAl ilesectii color blindness imd other sex-limited 
conditionSt formerlv regardeil as mi inscrutable caprice of nature, 
Las Ijeen represented -n itb approximate conectness, and wc already 
know sonictldng^ ns to the way, or, iierhaps, 1 should Sny ways, in 
which the deterjuination of sex is accojnplished in some of tlic forms 
of life, though, 1 hasten to adtii we have Jio inkling as to any method 
by wfhich that deterniination may be influenced <ir directed. It is 
obvious that such discoveries have bearings oji most of the problems^ 
whether tlieerctkal or practical, in which* animals and plants are 
eoneumed, rcrmnnencc or change of ri-pe, [terfectinii of tyi*e. 
purity or mixture of race, “racial deTclopment.-’ tho succession of 
forms, from Iwing vague phrases expresnng matters of degree, are 
now seen to be capable of acquiring physiological meanings, nlreadr 
to some extent assigned with precirion. For the naturalist—^niid it 
is to him that T am especially addressing myself to-dav—these 
things are chiefly significant ns relating to the history of organic 
licings—tho theory of evolution, to ns© otir modern name. Thev 
have, as 1 shall endeavor to show in my second address to lie given 
in Sydney, an immediate reference to the oondiict of hnman society. 

I suppose that everyone is familiar in outline w ith the theory of 
the origin of species which Darwin promidgat«l. TliniuRh the'last 
SO years lliis theme of the natural isclectiori of favoreij races has lieen 
developed and expoundc^i in writings irmiimcniblc- Favored races 
certainly can replace othors. 'Flie argument is sound, but w« are 
doubtful of its vahm. For us that debate stunds adjnetmeiL We go 
to Darwin for his incomparable collection of farts. We would fain 
emnliito his scholnrahip, his width, and his power of exposition, hut 
to us ho speaks no more with philosophical antliority. We tend his 
scheme of evolution as wo would those of Lucretius or of Lamarck 
ddigiiting in their smipliclty and their cmimge. Hi© practical ami 
experimental study of variation and hcrotlity has not merely oimneJ 
a new field; it has given a new point of view and new standards of 
cnticisin. Xaturalists rnsy still be foimd expounding teleological 
aystemH' which would have deJightcfl Dr. Pimgloss himself, but «t 
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the present time few are tnieled* Tlio student of ^netics knows that 
the time for the development of theory is not yet. He would rather 
stick to the seed pan and the mcuhaior. 

In face of a bat we now know of the distribiition of varinbilitv 
in nature the scope elainied for natui'a! selection in deterniininjt the 
fuity of species must 1« greatly reduced. 'Hie doctrine of the sur¬ 
vival of the fittest is undeniable so long as it is applied to the organ¬ 
ism H whole, but to attempt hy this pritieiple to find value iti all 
definitene^ of parts and functions, and in the name of science to see 
fitness every whete is mere eighteenth-century optimism. Yet it was 
in application to the parts, to the details of sjiectfic tlifferencc, to the 
spots on the iieacock’s tail, to the coloring of an orchid flower, and 
hosts of^ such examples, that the potency of natural selection was 
urged with the strongest emphjiris. Shorn of these pretensions the 
doctrine of the survival of favored races i» a truism, helping scarcely 
at all to account for the diversity of species. Tolerance plaj-s almost 
aa conDiilerable a purL Ry these admissions nimost tlio lust shred of 
that teleological fustian with which Victorian philosophy loved to 
clothe the theory of evolution is destroyed. Thoso who would pro- 
claim that whatever is is right will 1>e wise hencefortii to base this 
faith frankly on tlic impregnable rock of superstition und to ahgtaiti 
from direct appeals to natural fact. 

aiy predecessor said last year that in physics the nge is one of rapid 
progress and profound skepticism. In at least a« high a degree this is 
true of biology, and as a chief characteristic of modem evolntionaiy' 
thought Wo must confess also to a deep hut irksome hiimilitv in pres¬ 
ence of great vital problems Eveiy theory of evolution must he such 
as to accord with the facts of physics and chemistry, a primary neces¬ 
sity to which our predecessors paid small heed. For them the un¬ 
known was a rich mino of possibilities on ivhicb they could freely 
rlni w. For ns it is rather an impenetrable mountain out of which the 
trtith ciin lie chipped in rare and isolated fragments. Of the physics 
and chemistry of life we know next to notlting. Somehow the char- 
aclera of living things are bound up in properties of colloids, and are 
largely determincti by the chemical powers of ens^'ines, but the studv 
of these clas^ of matter has only just begun. Living things ara 
found by a simple experiment to have powers imdrcamt of, and who 
knows wlmt may be behind f 

Xntiirally wc turn aside from generalities. It is no time to clismisa 
the origin of the moJIusea or of dicotyledons, while we ore not oven 
wre how it came to pass that Pnmiila ohcomea has in 25 years pro¬ 
duced its abundant new fonns almoiil under our eyes. Knowledge of 
heredity has so reacted on our conceptions of variation that very 
comtwtcnt men arc even denying that variation in the obi sense is a 
genuine occuiTenee at all. Voriatiou is postulated as the basis of all 
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ijvolutionaiy chiinp:e. Do we tlipn u of fjnot find in ih^ 

Avorlsl Rboiit us Vftriutinns cM-^iirring of such a kind as to wnrmnt faith 
in a contemporaT^ |jiM>frrt‘saivo evolution? Till l^Uly most of tts 
wntdd have said J■e^^ •' without mii^giving. Wo slmuld have poititetl, 
as Darwin did, to the inimense range of diversity seen in munj wild 
species, so commonly tlmt the dilheulty is to rlefitio the ty|>es tlicm- 
fielvea. Still iriore- conclusive seemed the jirofusion of forms in the 
v'Arioiis domesticated animals and plants, most uf them incapuble of 
existinfT even for a generation In the wild state, and therefore iixed 
unriuestionably bi" human selection. These, at leasts for certain, arc 
new forms, often distinct enough to p^Lss for ^iiecLes, which jiavc 
arisen by variation. But when analysis k sp)died to tlik mu^ of 
variation the matter wears a diffei^nt asfxict. Cl^iscly exmnmed, whsit 
IS the variability of wild species? Whot is the natiiral fact which 
ia denoted by the statement that n given species exhibits much varia¬ 
tion? f.reaenilly one of two things; either that the individuals col¬ 
lected in one locality differ among themselves, or [perhaps more often 
that samples from eeparate localities differ from each other* As 
direct evidence of variation it is clearly to the first of these phe¬ 
nomena that wo miii^ have recourse—the heterogeneity of’a popula¬ 
tion brcetling together in one area, Thb heterogeneity may be in any 
degree, raJigiug from slight differences that sj'stemwtifits would disre- 
gard^ to a complex variability such na we find in somo moths, w^hei'C 
there is an abutidunce of varieties so distinct that many woulil bo 
classified as specific forms, hut for the fact that all are fiieeiy bidding 
together, K'atiiralista formerly supposed that any of these varieties 
might lie bred from any of the olliera dust as the reader of novels 
h prepared to find that any kind of piLrents might have any kind of 
rhildrtn in the course of the stor}". so was the evolutionist ready to 
t^lieve that any pair of motlis might profliice any of the varieties 
included in the species- fjcnetic analysis has dkposeil of all 
nilEtakes. ’We have no longer the smallt^ doubt that in ol! these ex¬ 
amples the Taxietios stiind in a regular descending order, and that 
they are simply terms in a series of comb mat ions of faetors separutelv 
transmitteil, of w’hich each may be present or absent. 

The api>earance of contemporary variability proves to be on ilhi- 
sion. Variation from step to step in the Fseries must occur either by 
the addition or by the loss of a factor. Now^ qf the origin of new 
fonriA by loss there to me to be fairly clear evidence^ hut of the 
eon temporary nequisition of any new fniCtor I see no satis fju-tory 
pronfj though I admit there are rare examples which may be so in¬ 
terpreted, We are left with a picture of variation utterly dilferent 
from that whieli we savr at fiirt. Vnnation now stiinds out as a 
definite physiological event. ’We have done with the notiQii that Dar¬ 
win came lotterly to favor, that large differences can arise by accumu- 
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l&tifln of stniill diir(}rcncc& ^ucb jmia]! ilifFcrcnt'tJri ain? oftfn mc^re 
cphonicial oITfjcts of (.'fintlttioiifH (if lift, niid njj siicli nr® nut t mna , 
mtftiibLt!: but even smfLil rli (Tcrenciis, when truly gvnotiti] uru ftiotoriul 
lilit the larger mid there iu not the tdigliti*^ it'iisou f<ir supposing 
that they capuhle of siiimnatinn. As to tlto origin or wurcfl of 
tliest^ positive scparahle fiietor;^ wo nre without miy liiilicntioii or 
Burmise. By their effects we know them to lio definite, ua definite, say, 
ns the organiwiis which produce diseases 5 but how they arh* amt iiow 
they voiiie to take part in the coinposition of the living iTeatiire so 
that n hen present they are treateil in cell-diviHion as constitnents of 
the germs, we can not conjecture. 

It was a comnionplnoe of evolutionary theory that at least the 
dom^Lic animals have been develotied from a few wild tvjKS. Tlit'ir 
origin was supposed to present no difficulty. The various iviocs of 
fowl, for instance, nil cume from (rallim ian^iva, tlie Indian jungle 
fowl. wc are taught: hut try to reconstruct the steps in their 
evolution and you realize your hoi>eIesa ignorance. To be sure tliere 
are brcecle, such iisBinck-red On me and Urown Tjoghonis, which have 
the colonj of the jungle fowl, though they dilTer iu shajie and other 
respects. ' As we know bo little as yet of tlie genetics of shape. let tis 
usume tliiit those transitions mnld be gnt over, Stippiise. further, ns 
is probable, that the ahsence of the iindcnnd instinct in the Jaghorn 
IS duo to loss of onii factor which the jungle fowl possesHes. ,So far 
we are on fnirly safe ground. But Imw idiont White Leghoniai 
Their origin may seem easy to imnginc, since white varieties hnve 
often arisen in well-niUhenticated cases. But tlio white of B'hito 
Uiglioms is not, as white in nature often is, due to the loss of Uic 
color elements, hut to the action of some thing which inhibits their 
t'Apreiisioti. IMicnw did tiuit something come? Tho same tjiiestion 
may be lu^ed rcst>ecting the heavy bfi-eiis, such ns Malays or Indimi 
f^me. Each of these is r Eopunite introduction from tlie East. To 
supfjose that these, with their jieculiar wmibs a ml close feathering. 
ciHdJ have been ilcvelopotl from preeristing Eumpctin breeds is vorv 
diflicult, t)n the oUior hand, there is no wild species now living any 
more like them. may, of course, postulate lliat there w«s once 
Biich a species, now lost. Tiiat is quite conceivable, thuiigh tlie sug¬ 
gestion is purely specidative. I might tliiis go thmiigli the list of 
dcimcstirated aniirndg and plants of ancient origin and agnin and 
npiin wo shoiiid be driven to tliLa suggestion, that manr of their 
di^inctivc characters miwA hnve lietm derived from some wiki origi¬ 
nal now li^, indeed, to this unsatisfying condiisiori iilmost every 
re re fill writer on such subjects is now reduced, if wc turn to modem 
ei-ideiiee the case loob even worse, The now breeds of domestic 
animals made m recent times are the carefuily selected nmdiicLs of 
recomhimitian of preesieting breeds, Alost of tlic new vnrictics of 
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cultivated plants are tUe outcome of doliberaU^ erdsaing. TJvere is 
genei-ully no doubt in the nuittcr. We Love pretty full liistorjea of 
these erotica iii gbdiolus. orchids, dneruria, begouia^ calceultiriii, 
pelnrgoaiuiu, etc. A vciy few certainly arise fruto u single origin. 
The joveet pea is the clearest case, and there are otiiers whicli I shouUI 
name witli liedtatioii. The cyelatueti is one of tlietn, but we know 
that elTurts to ojoss cyclamens were made early in die cultural history 
of the plant, and they may well have been successful Sevei'al pljmts 
for which single origiibs are alleged, such as tho Chinese priuirust;, 
tlie dahlia, and tobacco, caoie to ns in an already doincstieuted state, 
ntid tlieir origins remain aitnigethcr mysterious. Formerly single 
origins were gcnertilly presumed, but at the present time numbers of 
the chief products of domosticationj dogs, hurecs, cattle, glirep, poiil* 
try, wheat, oats, rice, plums, cheiTtes, have tn turn been accepted as 
“ polyphj'lctic’’ OP, in other words, derived from screnil distinct 
forms. The reason that has led to these judgments is that tiie dis¬ 
tinctions between the chief varieties can he traced as fur bnck as the 
uvideuee reaches, and tliat tliese distinctions are so great, so fur 
transcending aiiythiug that wo actually know vaiidtion capuble of 
effecting, that it seems plaiauiter to lK)st[>oue the dilhculty. relegat¬ 
ing the critical differentiation to Sjomo misty antiquity intowhich wc 
sliall not be nsked to penetrate. For it need scarcely Lc said tijut 
this is mere procrastination. If tlie origin of a form under domesti* 
catiou is haid to imagine, it becomea no easier to conceive of such 
enoruiotiii deviations from type coming to psiss in the wild state. 
Fiianiine anj' two thoreuglily distinct species which meet each iithov 
in their distribution, ns for instance, Lychnia diurfim and 
do. In areas of overlap are many iutermetliate forms. Tliestj u.%ed 
to ho taken to be trimsilional atepa, and the spccitic distlnctneas of 
fcspcrtiwi. and diuriKi wa.a on that awoiint ijitcstiomal tinre it is 
known that ^ese supposed intcrgnides are merely mongrels la;twecn 
the two species the triinsilion tixiin one to (he other is praclioally be¬ 
yond our powers of imagimition to conceive. If both tlicsc can sttr- 
vive. why hun their coinmoi) parent perished f Why, when they 
cross, do they not re^nstriict tt instead of prodneing partially siorile 
hyhridaf 1 take this example to show how entirely the facts were 
formerly misinterpreted. 

>Vhcn once the idea of u trne-biieediiig—or, ils we guy, liomo- 
zygoiJs—type is grasped, the problem of rurintion becomes an insist¬ 
ent oppression. What can imikc such a type V4iry? iVe know, of 
course, one way by which novelty con be introduced—by cro^ng. 

two wcll-mnrked varieties—for instance, of Chinese Primuhi— 
each breeding true, and in the second generation by mere recombi¬ 
nation of the varions factors which the t'vo oarental types severally 
iseis"—&M 2 J 
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introduced;, Uiei^ be a profusion of foroM^ utterly unlike each 
otlier, diatinut also from tlie originiU putentdL Miiuy of these cim 
be bred tnu^ and if found wild would oertainly be described as good 
speeiv.^ Confronted by the difficulty I have put before yoUj and 
crtntmplating such amuziiig poliTiiorphism in the second geticrution 
from a cniiss In Antirrhinum^ Lotsy has lately with great ci>unige 
HiiggestcJ to os ihnt all varbition tuay he duo to .such ensf^Hing- I do 
nfil dbiguise niv sympathy witli thus effort- After the blind conipk^ 
ceiicy of conveutioDjil evolutitMUBi^ it is refrediiug to meet so frank an 
iicknowledgmcni of tljc hardness of the problem* Lotsy's utterance 
will at least do siomething to expose the ai-tihciality of sjstenuit in 
j&oology and boLany. Whatever migiit or mJgiit not be revealed by 
eNperimental breeding, it is certain that without sueh tei:t& we are 
mbarely guessing when we profess to dJ^^tingui^dl speeilic limits and 
to deelme that IS a species and that a variety. The only defni- 
able unit in classification is the bomozygmis form which biwtls true. 
When we presume to say that sucJi and such diffciences are trivial 
and such others vtilidj we are comuiaiily embarking on a course for 
which there is no pliy^ologicnl warrant Who could have, foreseen 
that tin* a] 4 >le and the peor—so like each other tJmfc tJieir iKitiiiiicnJ 
differences are evasive—could not be crossed together^ though species 
of AntirrluniiTn totally iiiilikc each other as majuji and in^Ur can 
I be hybridized^ as Baur has shown, williout a sign of Inipaiml fer- 
tilUy t Jordan was perfectly righL The true-brooding forms which 
he distingulslied m finch multitudes are real entities, though the grt^nt 
Eyj3tenuiti-5b3+ dtspeiwiing with such laboiious analjsiSf have pooled 
them into arbitrary Linnean species^ for the coiivcrtience of collectors 
and for the simplification of catulogues* Such pnigtnalical consid- 
enitions may mean much in the mu$^um^ but with them the student 
of the physiology of variation has nothing to do. Tliesc little 
ifpecit^/- finely ctjt, true breeding, and innumerable mongrels between 
them, are what he finds when ho examines any so-called variable typt. 
On analysis the semblance of variability distippeors, and the illusion 
is shown to he due to segregation and recombination of scries of 
factors on predetermined lines. As soon as the '^little si>ecjes"" arc 
separated out they are found to l>e fixed. In face of such a rcsiill 
we may well ask with Lotsv^^ Is there aueb a thing as ^[Kuntaricons 
variation anywhere! TIU ans^ver is that ther^ h not* 

Abandoning the attempt to sIjow^ that positive factors can I>e Lifhicil 
lo the original ^Qck. we have fiirtJicr to confess that w'e can not 
often ai turblly prove variation by loe* of factor to bo a reiil phcTumi- 
enon. I^otsY doubts whether even this phenomenon occuni. The 
sole soura of variation, in his view, is crossing. But hen? T think 
tie is on nnsiLfe ground. Wlicn u well-istablislied vaii^ty like Crim¬ 
son King” I'rimuk, bred by llessju Sutton in tliousiiimb of in- 
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dividuab, pvea off, as it did ti few yeans since, n salmon-colored 
variety, “Conil King,” we might claim this ns n genuine exatuplf i»f 
vanntiun by ^oss. The new- vnricty Is a simple recessive. It differa 
from ■*C^nistm King” only in one respwrt, the losit of » single color- 
factor, and, of course, breti true from its origin. To account fur the 
appeanmee of such w new form by any process of vrossitig ia exceed¬ 
ingly difficult. Frein the nature of the case there cam have been no 
cross ance '‘Crimson King" was cstablLsIied, and henre the salmon 
iiiiLst have born concealed us a recessive from the Hrst origin of tbut 
variety, even trhm it was reprcsentctl by very few individuals, prob- 
iilily only by a single one. Surely, if any of tlieso bad I«en hetero¬ 
zygous for salmon tills recessive could hardly have failed to uppeur 
during the process of sclf-fertilissation by wIdcU the stock would 
U* multiplied, even tliougii timt selling may not have been atrictlv 
^med out. Examples like this seem to me practically C(Jtleltlsive^ 
They ean lx> oliallenged, but not, I fhinlt, successfiiUv. TImn again 
m regard to those variations in number and division of parfjj wJiidi 
xve i^ll mermtie, the referent'o of these to original cross-breeding ia 
surely barred by the circumstoiices in wbich they often exscur, Tliere 
remain also the rare exaiiipics mentioned already in which a single 
wild oripn may with much confidence be assumed. In spite of re¬ 
peated trials, no one bos yet succeeded in crossing the sweet pea with 
any other legtiminoiia species. We know tlmt earlv in its ciilti^'iited 
history it produced at least two marked varieties.'which I can only 
conceive of as spontaneously arising, (hough, no doubt, the profusion 
of fonns we now have was made by the crossing of tlioso original 
larietie^ I mention the sweet thus prominently for anotluT 
ren^, that d introduces ns to another fbmigli subsidiary form of 
Joiiation, which may be descrilicd as a fractionation of factore, 
^nie of my Mendelinn colloagwes have spoken of gametic factore as 
pe^anvnt and indestructible. Relative permanence in a sense they 

T ’ ; lindmnged after segregation. But 

thnt they may occasionally undergo a quantitative dis- 
intention with ttie consequence that varieties are produced inter- 
mediate between the integral varieties from which they were dXZ 
wnclitions I have spoken of as subtraction^r 
raliiction-stagcs- For example, the Picotee .Sweet Pea. with its 
puiple cd^, can surely be nothing but a condition produced bv the 

dinim shed. The pied animal, such as the niitdi rabbit, must simi- 

bidi the pigmen t u^ortneil. or conceivablv of the factor which 
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effecU its oxidation. On such lines I think we may with ^iit con- 
hdeuce inU'iprct all those mtcrg^radilig forms whicli brei^d true and 
are not produLx*J hy factorinl interference^ 

It is to be inferred thiit thesso fnietionjil degradations are ilie con¬ 
sequence of irregularities in segregation. We constantly j^ec irregii- 
laritics in the ordinary mcristic processes and m the distrlbudon of 
soiniitic diirerattiatiotip We are familiar with half fiegments* wiili 
imperfect twlnaing. with leaved partially petaloid* with petals par* 
tialljr sepaloid. All these are evidences of departures from the 
normal regularity m tho rhythms of repetition or in tliose waves of 
differentiation by which the qualitl^ somd out among the parts 
of the body. Similarly^ when in segregatioti the qualities nre sorted 
out among the germ cells in certain critical cell divisions^ we cun not 
cX|XKrt tbe^se differentiating clivisions to be exempt from the impc*r- 
fectiona and irregularities which are found in oil the grcHjaer divi- 
siou-H that we can ohi^ene. If I am right, wo shall find evidence of 
these irregularities in the as^mtinn of uuconformahle niimhers 
with the appearance of the noveltic^i which I have culled fractional. 
In jmsying let Us note bow the history of the sweet pou Indies those 
ideas of a continuous evolution with which ive had formerly to con¬ 
tend- The big varieties came first The little ones have arisen later, 
af> I aaggesd, hy fnictionation. Presented with a collection of modem 
sweet pens, how prettily w'ould the devotees of continuity have 
arraiig^ them in a gmdnated series^ showing how every intergrade 
douhJ be found, passing from the full color of ihe wild Sicilian 
species in one direclion to white, in the other to (he deep purple of 
^ Black Prince,'’ thou^i happily,w’e know^ these two to be among the 
earliest to havo appeared. 

Having in view these ufid other considerations which might l>e 
developed, I feel no raisonabk doubt that, tliough we may have to 
foiv'go a dflim to variations hy uddition of factoi-s, yet vunation l>oth 
by loss of factors and by fractionation of factors is a genuine phe- 
tionicnim of contemporory nature. If then we have to dispense, as 
seems likely, with any adililion from without we must begin g^eri- 
oiisly to consider whether the course of evolution ran at aU rea^innably 
be represented as an unpacking of an original complex which con¬ 
tained wiUiia Itself the whole range of divereity which living things 
present. I do not si^ggcit that we idmuld come to a judgment ns to 
what is or is not probable in thi^' respects. As I have said already, 
this is no time for devising theories of evoJutiont and I propound 
none. Rnt, as we have got to recognize that ilieni ha& Inscd an 
evoltdfen. that somehow or otlier the forms of life have arisen from 
fewer forms, wt may ns well sec whetlior w^e a no limitetl to the old 
vietv that evolTjtiouary progress is from the simple to the complex, 
jind whether after all St is conceivable that the process was the other 
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wfij about. When the facts of genetic dUcorerj become fuiniUiiriy 
knovi-n to biologis^i) otul cea^ic to be the preoccupation of a few, ua 
tliey still nit*, mnny unci long diacussions initst inevitably arise on 
the qucatioii, and 1 ofibr tlicec renuirks to prepate the ground, I 
ask you simply to open your minds to this possibilUy. It involves 
a certain effort. We hare to reverse our habitiml Uiodcs of thought. 
At find it may seem rank absurdity to supjioae that the primordial 
form or forms of protoplasm could have contained complexity 
caooglj to produce the divers ty[H*s of life. But is it easier to 
imiigine that tlieso powers could hnvo been conveyed by extrinac 
additions if Of vrbat nature could these additions lie ! Additions of 
material can not surely be in question. Wc arc told that salts of 
iron in tlio soil may turn a pink hydrangea blue. Tim iron can not 
be passed on to the next gvenratioD. How enn the iron multiply 
itself? The power to aiimmikto the iron is all that can be traitS' 
mitted. A disease-producing organism like the pebrino of silkworms 
can in a very few cases lie [aissed on through the germ cells. Such 
an organism can tnuUijdy and can prmluce its characteristic etfccts 
in the next generation. But it does mit become part of the Invaded 
host, and we can not conceive it taking part in the geometrictiUy 
ordered processes of segregation, Tliese illustrations may seem too 
gro&i| but whiit refinement will meet the requirements of the problem, 
that the thing introduced must be, ns tiie living organism itself is, 
capable of multiplication and of subordinating itself in a definito 
system of segregation^ That which is conferred in variation must 
ratlicr itself be a change—^not of material Init of arrangement, or 
of motion. The invocation of additions extrinsic to the organism 
does not seriously help us to Imagine bow the power to change can 
bo conferred, mid if it proves that hojK* in that direction must bo 
abandoned, I think W'e lose very little. By tbe rearrangememt of 
a very moderate numbiT of things we soon reach a numlier of fxissi- 
bilities practically infinite. 

That primordial life may have ln'cn of small dimensions need not 
disturb us. Quantity is of no account in these considenitions. 
Shakespeare once existed as a speck of protoplasm not bo big os a 
smiill pin s head. To this nothing was added that would not equally 
well have served to build up a babboon or a nit. Let ua consider 
how far we can get by tJie process of removal of what vve coU 
**ciiistade ” factors, in other words, those that coutrol, mask, or stip- 
pitsa underlying powet^s and fnculiies. I have spoken of tho vast 
range of colors exhibited by modern sweet peas. There k no ques- 
tion that dtese have been derived from the one wild bicolor form by 
a process of successive removols. Wlien the vast range of form, 
sire, and flavor to be found among the clildvated apples is con¬ 
sidered, it seems difficult to auppotie that all this variety k hidden 
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jn the wild crab apple. I eun not pociitively nssert that this is so, 
but 1 think all fuiuiliar with \feudelian ana lysis would agrxic with 
me that it U probable and that the wild crab <'ontains presmuably 
inhibiting elements which the cultivated kinds have lost. The legend 
that the seedlings of cultivated apples become cnibs is often repeated. 
After many iiir|uiries among the raisers of apple seedlings, 1 have 
never found an authentic case; once only even an alleged case, and 
this on inquiry proved to lie unfounded. I have confidence that tlie 
artistic gifts of nuiukind will prove to he due not to sonicUung 
added to the makeup of an ordinary man but to the absence of 
factors which in the normal person inhibit the development of 
these gifts. They arc almost beyond doubt to be looked, uiion as 
releases of powers normally suppressed, Tlic instrument is there, 
but it is ** Gtopptfd dowti.^ The scents of Jlowcrs or fruits, the fmely 
repeate<l divuions that give its quality to the wool of the !Mcriiio nr, 
in an analogous case, the multiplicity of quills to Line tail of the fan- 
tail pigeon are in sdl prolqibility other e^nmplcs of such releases. 
You may ask what guides us in the diBcrimination of tlie poative 
factors and how we cim satisfy ourselves that the appciirancL' of a 
quality is duo to lots. It must lie conceded that in these determina¬ 
tions w<t have as yet recourse only to the effecLs of domimnee. IV'licn 
the tall pea is crossed with the dwarf, since tlic ntfspring is tiiU we 
say that the tall parent passed n factor into the crosshred which 
makes it tall. The pure tall parent had two doses of this factor, the 
dwarf had none; and since the croaslircd is lull we say that one doge 
of the dominant tallness is enough to give the full height. The 
reasoning seems imnuswemble. But the commoner result of crossing 
h the production of a form intermediate between the two pure 
parental types. In such examples we sec clearly enough that the 
full parental characteristics can only appear when they arc homo- 
aygoiis—formwl from similar germ cells—and that one dose is insuffi¬ 
cient to produce either elhtct fully. Blien this is so we can never be 
sure which side is positive ami which negative. Since, then, when 
dominance is incaniplvto wc find oursedvea in this difficulty, we per- 
reive that tlie nmottniof theelTect U our only criterion in distinguisb- 
ing the positive from the negative, tind when we return, even to the 
example of the tail and dwarf peas, the matter is not so certain as 
it seemed. Prof, (’ockervll lately found unioiig thousands of yellow 
sunflowers one which waa portly red. By hreciUng he raised from 
this a form wholly rwl. Evidently the yellow and tiic wholly nd 
are the pure forms iiml the partially red is the heterozygotc. We 
may then say that the yellow is )T with two dosca of a po.^itive 
factor which inhibits the develupment of pigment, the red is yy 
with no dose of the inhibitor, and the partially red ore } y with only 
one doso of it. But we might be tempted to think the red was a 
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positive chntuctcristJe and invert tlits expressions^ representing the 
u£ lili, the partlv red ns llr,. luul the jellow as m Accoind- 
ing ns we adopt the one or the otJier si'stem of expression we shnll 
Interpret the evol miontiry change as one of loss or as one of addition. 
3fji,v w© not interpret Uie other apparent new doiiiinatits in the 
same way i The white dominant in the fowl or in tlie Chinese 
primula cun inhibit color. But may it not !«• tliat the original 
colored fowl or primula Imd two do.4s of a factor wldch inhibited 
Uiis^inhibitor? The pepper moth, Amphida^ifft ht'tvlana, pro<liieed 
in England alvout 1840 n black variety, then a novekr, now coiiunoii 
in certain areas, wliich behaves a.s ti full dominant The pure blaeks 
are no blacker than the crossbred. Tiiough at hrut sight it seems that 
the black must bare been something addevl, we c^in without absurdity 
suggest that die normal is the term in which two doses of inhibiiitr 
aro presejit, and that in the aijsonoe of one of them tJic black appears. 
In spite of seeming jjcrversity, tlicrefore, wo lime to admit that 
there is no evolutionary ciiange which in the present state of our 
knowletlge we ran pOHitivcly declare to lie not due to loss. When this 
haslieen conceded it Ls natural toinsk whether the removal of inhihit- 
ing factors may not he invoked in alleviation of the ncceasitv which 
has driven students of the domestic breeds tu refer their diversities 
to multiple origins. Something, no doubt, is to Iw ho|jed for in that 
direction, hut not until much Ijcttcr and mom cxteiisire knowledge 
of what Tariation by loss may effect in the living Ijody cim we have 
any real assurance that this difficulty biis lieen obviuteci. We should 
greatly lielpcf] by some iudiciitloii as to whetlier the origin of 
life has been single or multiple, ilodorn opinion is, perhaps,’ inclin¬ 
ing to the multiple theory, but we have no real evidence. Indccil, 
the prohlem stiU stands outside the range of Krientific invcstigsition, 
and when we hear tliu spoutaueoius forn)iitui.n of fonnaldehyde men¬ 
tioned as a pcwsiblc first step in the origin of life wa think of Harry 
Lander in the character of a Glu^ow schoollioy pulling out his 
treasures from hts pocket-^ That's a wasahor—for makkln’ motor 

COTS.” 

As the evidence stuiidii at pre.^nt all that can be safely added in 
amjdification of the evoiiitionary creed may be summed up in the 
statement that variation occurs ns a definite event, often protlucing a 
-sensibly discontinuous result; that the sucoessiion of varicticB tmtnes 
to pti^ liv the elevation and estaidi&luiuent of sporadic groups of 
individuals owing their origin to such isolated events; and that the 
change which we see as a nascent varintinn is often, perhaps always, 
one of loss. Miiilem research lends not the smallest encouragement 
or sanction to tlj 0 view that grediial cvoliitiou occurs l>v the trans- 
forma tinti of mniscs of individuals, though that fancy has fixed 
itaulf on popular imoginution. The isolated events to which varia- 
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tioD IB due nrft eridently in the penniiia! tLssnic.^. pmfiably 

ill thi? iiiiiimer in which they divide. It is Jikdy that the eicciirrence 
of tliese Tarintions is wholly irregiiliir, and fls to thtJir cutisatinii wo 
are absolutely without surmise or even plaiisible apoeiitation. Dis¬ 
tinct tyim once arisen. ni> doubt a profuiqun of the forms called 
st^ecies luive I'levii derived from them by siinplc crossUig and subse^ 
quent RTombinatJori. Kew s|;^ie;$; may bo now in rourae of creation 
by this mearts^ hut the limits of the process nre nbriously oari'OWi 
On the other hntit], we sec no chanp^s in progross aroimd ug in the 
i’tMitciiijMirary world W'hicli we ran imagine likely to culmioate in the 
evolution of forms dklltivt in the hirgcr sense. By interemssing 
ft lid wolves new forms of the^ types can be fiiailo, 
Home of Avhjch mjiy be species, but I sec no reason to think that from 
tiuch material a fo^s could lac bred in indefinite time or that dogs 
could be bred from foxes. 

Whctfier S4-5 ciiw will liureafter discover tlmt certain pxjiipf? can by 
lietruHaritics in their genetic physiology !» dcchired to have a pre- 
I'ogative fpiality jiistifTirig their reL'ijgtiitioEi as specie^ in the old 
sense, and thnt tile difference^ of others are of mirh a subordinate 
dcgi'ee that they may in eoutrast lie termed varieties, further genetic 
reaeareb alone can simw. I myself anticipate that such n discovcrv 
i^dJ he made, hut 1 can not defend the opinion with positive con- 
Tiction. 

Somcnhiit reluct anti}'*, and rather from a sense of duty, I ha™ 
devoter] most of thU address to the evolutionary aspects of genetic 
researeli. We can not keep these things out of our lieads, though 
sometimes we wialj we could- The outcome, ss you will have seen in 
negative, destroying much that till lately po^l for gTsspol, 1^ 
stnlotion may l>e usefid, hut it la n low kind of work. We are just 
Hboiit where Royle was in the seventeenth century. Wc can disimse 
of -Meliemy, but we can dot iintke more than a fpiasi-chemistry. We 
are Bwiiiting ottr Pricatty ind our Meisddreff. Tn truth it’ is not 
these wider (Lspccts of genetics tliat are nt present our chief eoncem. 
They will come in their time. The great advancts of scienre are 
made like those of crotution, not by imperceptible mass improve* 
ment, but by the simredie birth of penetrative poniiis. The joiiniey- 
meii follow lifter him, widening and chairing np, as we are doinff 
along the track that Men del found, 

pAirr n. 

At McUrfuimc T Ei]joke of the new knowledge of the properties of 
hving things which Mcndelian analii’sis has broiiglit tin. ! indicated 
how thest-di^veries are affecting onr outlook on tlmt old prohlem 
of natunil lustofy, the origin and nature of spedca. and the chief 
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coiicituiftn T drew w.-i8 the negntive one, thut, though we mast hold 
to our fiiith in tiie evolutioiL of species, thoro u) little evidence tis to 
how it liris rotuo nbont bind no elenr proof thut tlic process is con¬ 
tinuing in iinj considemblc degree nt lire pi'esent itmc. The thought 
uppermost in our minds is that kiiondcdgc of the mture of life is 
riUogether too slender to warmnt specithition on tltesc funditmental 
suhjticts. Did we presume to offer such speculations drey would have 
no mor« vnltie than those which flichemists might have tundc ns to 
the nature of the elements. Rut though In regard to these theoretical 
nspi'cts we must confess to stlch dee[) ignonincet enough tins been 
learned of the geneml cuiir^ of heredity within n single species to 
justify many practical conclusions w-hich ctin not in tJie main be 
slinken, I propose now io devfi]fii> some of these conc’lustoos in re¬ 
gard to Oiiir own species—man. 

1ft my former iiddrt^ T mentioned the eunditioft of certaiii animals 
and pimiis niiich are ^rhat we call “ polymorijhic." Their populn- 
tions consbt of individual of many ty[>es, thougli they breed freely 
together with perfect fertility. In Ciuws of this kind which have been 
siilliclently investigated it has been found that these distlncdoas— 
sometimes very gnait and affecting mOBt diverse fentiires of orgaiiinn- 
tion—arc due to the pn-sence or nhseticc of elentcnts. or factors, ns 
we call iliem, which arc treated in heredity os separate entitiesL 
Th^ factors and their combinations produce the ehoracteristica 
which we perceive, Xo individual can acquire a parttculur charac¬ 
teristic tmlcss tfie rwpiisite factors entered into the comimsUlon of 
that indlvidtial nt fertilization, being received cither frem the ftither 
or from the mother, or from Imth. and conseipiently no mdii iduo] can 
pass (in to his offspring jxwitivc cliaractem which he docs not himself 
|>osspss. Rules of this kind have alnindT been traced in. operation in 
the human species, and tbi^ugh I admit that an assumption of some 
magnitude is involved when wo c.\tend die application of the same 
systeui to hitman cliamcteristics in gcneial, yet the assnmplUm is one 
which I Iwlievc we are fully justifted in making. With little he.sita- 
tion WC can now declare that the potentialities and aptitudes, phyaical 
iia wi*H ns mental, ses, colors, powers of work or invention, liiihilitv 
to diseases, possible duration of life, and the other features by wliii* 
the membetsof a mixed iwpnlatimi differ from each other, are deter¬ 
mined from the moment of fertilisialioii. and by all that wc know of 
heredity in the fonns of life with which we can experiment we are 
compelled to lielieve that these (iiialities are in the main distributed m 
li fHctorial system. By clmngcs in the outward conditions of life tlie 
expre^ion of some of these powers iind features may be excited or 
restrained. For the development of some an external opportunity is 
needed, and if that he Mrithheld the character is never ectn anv mure 
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tliati if tl«* bofly be siarveti ccm the full height be attained, but such 
influences are not ^FitperQcial and do not alter the genetic constitution. 

The factors '^vhich the individual receives from his parents and no 
others are those which he enn transmit to his olTspring; and if n fac¬ 
tor was raceiveil from one parent only, not more tlian iinlf the off¬ 
spring, on un uverugo, w ill inherit it What is it that has so long prfi- 
vontod toitnkind from discovering sudi simple facts? Primarily tho 
cireumstitnce Unit us man must have two pureots it is not po^ihle 
quite easily to detect tlie contributions of each. The individual liody 
is a double stracture, whereoa the germ cells urg single. Two gonn 
cells unite to prodiuw each individual body, and the ingredients they 
respcctiv\dy coiitribiiio interact in ways dint leave the uUimato piod- 
iii’t a nicilley in which it Ladiflicult to identify the several Ingredients. 
Wlten, however, their effects are conspicuous the task is by no moans 
impi^ible. In purl also eion phixiologists have been blinded by the 
survival of ancient and obscurantist conceptions of tho nature of man 
by which they were discouraged from the npplicatiun of any rigorous 
analysis, ifediciil literature still ahotmils with traces of tliese urehu- 
isms, and, indeed, it is only quite recently that prominent horw 
breiHlcrs have como to see that tlic dam matters ns much an the sire. 
For them, thoiigji vugt pecuniary ennsidcretions were involved, the 
old “ homunculus ’’ theory was good enougli. We were amazeil at the 
notions of genetic pLy^ologj' wliiclr Prof. Baldwin Spencer onconnt- 
erctl in his wonderful resi'arelies nmong the natives of Central Aus¬ 
tralia : hut m tmth, if we reflect that these problems have engaged the 
attention of dvilired man for ages, tlie fact that he, with all his 
rww'ers of recording and deduction, failed to discover any part of the 
Mendeliiin is almost ns amazing, Tho popular notion that any 

parents can have any kind of children within the racial limibs is con¬ 
trary to nil capcricnce, yet we have gravely entertained such ideas. 
jV.s [ have said ekewhere, the tnith might hove been found out at anv 
peritHl in the world's history 1/ only pedigrees had been drawn tlio 
riglit w ny ttp. If. indeed of exhibiting the successive pjiirs of pro¬ 
genitors who have contributed to the making of an xiltimate indi- 
vidiiQl, some one had Iwd the idei’i of setting oiit the posteritv of a 
single ancestor who possessed u marked feature such as the Elafishiij^ 
lip. and showing die transmission of diis feature along some of die 
de.'M:endii>g hrancbcsi and the immanent loss of the feature in coU 
loteiiils. the esH-ntial truth that heredity ran be expressed in terms of 
presence and absence must have at once become apparent. For the 
descendam, is not. as be appears in the conventional pedigree, a sort of 
fM»l into which each tributary .ancestral stream has poured some- 
ming, hut rather a conglomerate of ingredient characters taken from 
his progimitors in such u way that some ingredients are represented 
ami others are omitted. 
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Let me not, howeTei-, give the impression tlint the UTiraTelliDg of 
sLcJi Jesoetits is easy. Even with fairly full detnils, which in the 
esse of mini lire I'ery rarely to be hiuh iiuvny coniplicarioiia occiiTj 
often preventing us from obtaining more than ii rough general indicn- 
(iem of the system of deseent. Tiie nature of tliese complications wo 
understand from our experience of iininials and [daiiti^ which 
are amenahlo to breeding under careful restrict!ons* and we know 
that they are mostly referable to various elTects of intornction bo* 
tween factors by which tlio prcscnco of some is minslied. 

Necessarily the clearest evidence of regularity in the inheritaiice 
of human duiructerisfics lias Ixwn obtained in regard to tlie descent 
of marked shnormslities of structure and congenital diseases. Of 
the descent of ordinary distinctions such as are met with in the 
nornml healtiiy population we know little for certain. Hurst's evi¬ 
dence, that two parents both with light-oohircd eyes—-in the strict 
sense, meaning that no pignicnt is present on the fi'out of tlie iris— 
df^ not have dark-eyisl children, still stand almost filonu in this re¬ 
spect- With regard to the inheritance of other culor-duiructer- 
istios some advance has hecii made, hut everything pninLs to the in¬ 
ference that the genetics of color and many oUicr features in man 
will prove exceptionally complex. There are, however, plenty of 
indications of system comparable witli thcise which we trace in 
various animals and plants, and we ore assured that to extend and 
durify such evidence is fudy a matter of careful nualysis- For tiie 
present, in asserting ahiiost any general rules for human descent, 
uo do right to moke large reservations for pi^ible exceptions. It 
is tantalising to have to wait, hut of the ultimata result there can Iw 
iio doiibt. 

I spoke of coniplicutionH. Two of these are worth illustrating 
here, for probably both of them play a great part in hunmii genetics^ 
U was discovered by Nilsson-Ehic, in the conrse of e-xperiments with 
certain wiieats, that several fndors having the same power may co- 
exist in the same individual. These cumulative /actors Jo nut neces¬ 
sarily produce a cumulative effect, for any one of them may suffice to 
give the full result. Just as tim puix!*bred toll jica with its two 
factors for tallness is no toller than the crckas-bred with a single 
factor. BO these wheato with three pairs of factors for red color are 
no reilfler than the ordinary reds of the same family. Similar 
observations have lie^ made by East and others. In some cases, as 
in the Primulas studied by firegory, the effect is cumtdative. The,se 
results have l>een used with plausibility by Davent>ort anil the 
American workers to elucidate tlie curious case of the mniatto. If 
the descent of color in the crossi between the negro and tlie white man 
followed the simplest rule, tim offsprihg of t^o first-cross m.daZ 
would be, on an average, one black, two mulattos, one white, but this 
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is iiotoHciusly not so. Evidence of some segregation is fairly clear, 
aiul the (leliciency «f real whites may perhaps txs accounted for lai 
dio hypothesis of cumululire factors, though bj' the nature of the cose 
strict proof is not to Iw hB<]> But at present I own to a ju^ferenco 
fiir regarding such examples as instances of hiiperfcct segregatinn. 
The scries of gcrm-oclts prtxliiceil by the cross-bred etinsist* of some 
with no black, some with full black, and others witli intermeiliate 
< pi antities of black. }{o statistical tests of the condition of the 
giimetes in such cases exist, and it b likely that by choosing suitable 
crospcs all sorts of conilitiotis may Is? fntmd, ranging from the 
simplest ease of total scgivgation, in 'whidi there arc only two forms 
of gametes, up to those in which there are all intermediates in rarions 
pru{mrtiotia. This at least is what genera) experience of hybrid 
products leads me to anticipate. Segregation is somehow effected bv 
the rhythms of cell-division, if such an expression may be ])erinitted. 
In some cases the whole factor is so e)i.sily separated that it ts swept 
out at once; in others it b «> intemiixeil that gametes of nil degree 
c)f purity may result. Tliat is ndnnttedly a erinJo metaphor, but as 
yet we can not substitute a better. Be all this as it may, there are 
many signs tliat. in human heredity phcncmtenu of this bind are com- 
nioti. whether tliey indicate a multiplicity of cumulative factors or 
imperfections in segregation. Such phenomemi. however, in no wnv 
detract from the es^ntlal tmtiis that segn.>gation occurs, and that 
Utc organism can not pass on a factor which U has not itself received. 

In hnman hertslily we linve found some examples, and 1 believe 
tliat we si util find many more, in which the descent nf fitctors is lim¬ 
ited by sex. The classical instances are those of color blindness and 
hamojdiitin. Botlt tiicse conditions occur with much greater fre¬ 
quency in males than in femalesL Of color blindness at least w e know 
that tlw sons of the color-blind man do not inherit it (unless the 
rnothcr Is a transmitter) and do not transmit it to their children of 
either sex. Some, probably all, of the daiigliters of the color-blind 
father inherit the character, ami though not themselves color blind, 
they transmit it to some (prolwbly on an average half) of their off¬ 
spring of both sexes. For since these normal-sighted women have 
only received the color blindnea; from one side of their parentage, 
only half their offspring on nn average can inherit it. The sons w'bo 
inherit the color blindness will be color blind and the inheriting 
dnughters l^ime themselves again transmitters. Srtdes with nor¬ 
mal color vision, whatever their own parentage, do not have color¬ 
blind ^a-endanU, unless they marry transmitting women. There 
are points still doubtful in the interpretation, but the critical feet is 
clear, that the germ cells of the color-blind man are of two binds-(i) 
those wliicli do not carry on the affection and are destined to take part 
in the formation of sons, and (ii) those which do carry on the color 
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blindness and nr^ destined to form flaughtera. There is evidence 
that the ova al:^ are siniilarly prude*stined to form one nr other of 
the Init to rliscli^ the i^hole questioii of s^x detemimiition b 

beyond my pre^ot scope. The descent of these sex-limited affcetions 
nevertheless calls fcjr iiimtion here, because it is an admirable illus¬ 
tration of factorial prerlesiination. It moreover exemplifies I ha I 
parental |>olurity of the stygotc, to which I ulliiJed in my fii^ nd- 
dn?ss»—a phenunicnon which we suspect to be at the bottom of various 
tmumalies of heredity, and suggests tlmt there may be trutli in the 
pfipular notion tliiit in some respects sons resemble their mntliers and 
iJftug^htcrs tlieir fathers. 

As to the descent of hereditarj" diseases and mn I format ions, how¬ 
ever, we have abundant dsita for dedding that many are transniittetl 
as dominant4S aii<l a few as reocsisiies. The luo^t remarkable collec¬ 
tion of these data w to be foiijul in family histories of diseases of tlu" 
eye. Xenrolcjg}’ und dermatology have also contributed many very 
instructive In great measure the oplithalmological ma¬ 

terial iva» collected liy Edward Xettleship, for whose death we 
lately grieved- After retiring from practice as an ociilisl he devnied 
several years to this nn\sl lal^rious task. lie was not content with 
hearsjy evidence, but traveled incessantly, personally eximiining all 
accessible members of the families concerned, working in such u wav 
that his p<^digi-ees are models of orderly observation and recording. 
His zeal stimulated many yoimger men to take part in the work, tiiid 
it will now go nti^ wdth the result ilmt the Hystems of tles^ent of all 
the common heriHlitaiy" diseases of the eye will goon be known with 
appmxinmte accuracy. 

Give a little i mu gloat ion tf^ considering the cliief dednetion from 
this work. Teclinical detaib apartj and granting that we can not 
wholly interpret the numeiicaJ results, sonietirncs noticeably more 
and sometimea fewer dcsccnilants of Ihe^ patients Ijeing pUected 
than Menilelian fomiuJu! would indicate, the expectation is that in 
the case of many diseases of the eye a large proportion of the cJiil- 
dren, grimdchildreii, and remoter dca:end 4 mts of the patients will be 
effected wilh the disease. Sotnetimes it is only defective right diat is 
transmitted; in other cases it is blindness either fr(»m birth or com¬ 
ing on at Mine later age. The most striking example perhapxS U that 
fonn of tiighi blindness still provident in a district near Montpellier, 
which has affecte*! at least ISO persons* all descending from a single 
affected individtial * who came into the country* in tho seventeenth 
century. The transnus^ion is in every case through an affected 

^TTa* ftnf bnniii} dfffCvnt ar&vi-d to f&lloTT MrtidflUn mlfs wup that of ■ u^rldua mil- 
Tom^Da of Uip hind hy In Amtnicn^ Hrlnkwitor .lOH^flillr 

out prfliw* for thfr M^mr mnirriTinfitloD tn Aftfif ntteEnpni, be nnw feltfl 

IttP tbllt ho he# in iirovln^ thnC Ibo Araef|vi>a ud oDa oi Mi own Imd 

u ibaorawl mentor la corajD^, Uto ptneratjogji uto.. 
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pim'nl, iiDtl no tiormnl lias licen kncmn to pass on the condition, 
SiJih un esnmplfe iveJl senses to illustrate the fixity uf the rules of 
descent. Similar inatuiices nii^ht he recited relating^ to a great 
variety of wtlier conditions, sonic tridiil, others giiive. 

At rurioiiK times it itaa been dct'lured that men are bom 0f|Ua1 and 
that the inorjiiulity is brought abont by iitie<|nal opportmiitieit. Ac- 
<l«aintaiico with tins jHjdigrees of disease soon shows the fatuity of 
such fatieW Tiie same conclusion, we may be sure, would result 
f«nn the true representation of the descent of any hniiian faculty. 
Xcier since OnIton s pnhtications can the tnnttcr hiirc been in anv 
douhU At the time he k'giin to study family histories even the brood 
stgailicanco of heredity was fi\M|iidJitly denied, and j-esemhlances to 
parents or ancestors were looked on ns interesting curiosities. In- 
veighing against hereditary politicnl iustitiitions, Tom Paine remarks 
that tile idea is as absurd as that of an *■ hereditary wise lutmr or 
an berediturj' mathematician^’ and to tins day I suppose iimny 
Iteople arc not aware that he js sudng anything more tlian commonly 
foolish, IVe, on the contrery, would feel it something of a pu^xlc if 
two parents, both mathcfimtioilly gifted, hud any children not matlie- 
matieians. Chilton first demonstnile^t llie overwhelming imiiortaiice 
of these considcrati^, and had lie not been misled, partly I»v the 
theory of paugenesis, but more by Ilia ninthematica] instincts and 
traimiig. which prompted him to apply statistical treatment rather 
than qualitative uua lysis, he might, not impiYiliabiv, have discovered 
the e»amti!i] fac ts of Mendel ism. 


Tt happens mrcly that science hos unythiiig to offer to tlic common 
stock of ideas at once so comprehensive and so simple that the courses 
of Oiir thoughts are changed. Contrihut ions to tho maierial progress 
of mankind are oompiirelively frequent. Tlier result at once in 
application. Transit is quickened; communication is made eusW- 
the food supply is increased and population multiplied. Bv direct 
uppliretion to the breeding of animals and plants such results must 
even flow from AJendel's work. But I imagine the greateat prnctical 
cnanpe likely to ensue from modern genetic cliscovciy will bp « quick¬ 
ening of interest in the true nature of man and in the biology of 
races. 1 have spoken cautiously as to the evidence for the operation 
of any ample Mendelian system in tho descent of human faciilt?: vet 
Bie certainty that systems whidi differ from the simpler schemes only 
m degree of complexity are at work in the distribution of clmrnctem 
among the hiinmn popidation can not fail to influence onr concep¬ 
tions of life and of ethh% lending rierliaps iiltimatelv to modifiratioii 
of soflol Thot change can not but lie In the main one of 

aimplificafion. The eigliteenth ccmtoiy' made gri'iit pretense of a 
retiira to nature, hut it did not occur to thome philosophers first to 
inc[uiit! wliai nature is: and perhaiis not even the patristic writinga 
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contain fantasies miich furtJjcr from physiological triitk than those 
which the rationalists of th« “ Eiiclyelopfedio ” adopted as the bads 
of their social whemes. Fop men are so fur from bring born Kjual or 
similar that to the naturalist they stand ss tine very type of u ptfly* 
morphic species. Even most of our local races consist of many dis¬ 
tinct strains nnd individual types. From the populalitm of any 
ordinary English tomi as many distinct human breeds could in a 
few generations be isnlaU'd as there are now breeds of dogs, nnd 
indeed such a population in its present state is much what the doga 
of Euroije \roiild be in 10 years’ timo but for the interfej'eiu'e of tiie 
fanciers. Even ns at present constituted, owing to the isoin ting 
cfTects of instinct, fashion, occupation, and social class, many in¬ 
cipient strains already c:(ist. 

In one respect civilised man ditTers from all <}t2ier species of animal 
or plant in that, having prodigiou.*! nnd ever-inci'easing jiow'cr over 
nature, he invokes tliesas pow'era for the preservation and nutIntenulire 
of many of iho inferior and all the defective members nf his species. 
The inferior freely multiply, and the defective, if their defects \m not 
so grave os to lead to tlieir deteiition in prisons or asylums, multiply 
also without restiaint. Heredity being strict in its aUion. the conse¬ 
quences are in civilked coimtries much what they would be in ihe 
Icennels of the dog lirceder who continued lo preserve all his puppies, 
good mitl bad; the proportion of defccii ves increases. The mcrcnse is 
BO considorabie that oiiUada every great city there is n Kmidler town 
inliabited by defectives and those who wait on them. Hound London 
we Lave a ring of such towns with some 30,000 inhabitants, of whom 
about 2&,000 are defective, largely, tiiough, of course, by no means 
entirely, bred from previous gpneriitioiis of defectives. Now, it is not 
for us to (.'oiiBider practical measures. As men of science we observe 
natural events and deduce conclusions freni them. 1 may perhaps Iw 
allowed to siiy that the remedies proposed in America, in sti fur as 
they aim at the eugenic regulation of nmrriage on a comprehensive 
scale, strike me as devised without regard to the needs either of in¬ 
dividuals or of a modern State. Undoubtedly if they decide to hrecd 
their population of one uaifoiro puritan gray, they can do it in a few 
generations: but I doubt if timid respectability wilt make n nation 
happy, and I am sure tliat qualities of a different sort are nettled if it 
is to compete with more vigorous and more varied communities. 
Everyone must have a preliminary sympatiiy with the aims of 
eupnists botli abroad and at home. Tlveir efforts at tlie least are 
doing something to discover and spread truth as to tho physiological 
Btructure of society. Tlio spirit of such orgnnkiitioiis. however, 
almost of necessity suffers from a bias towai-d tJie accepted and 
the ordinary, and if they had power it would go hard with manv 
ingredients of society tliat could bo ill-spared. I notice an ominous 
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(xi^oge in which even Gnlton, the fotinder of eu^'nics, feeling pee* 
haps some tvvingo of bis Quaker ancestry, remarks that “ns the 
Itoheiuinnisini in the nature of our race is fl4!Stined to perish; the 
so^r it goes, the happier for mankind.” It is not the eligenists who 
will guc tis what I^lato tins called divine releases fr<im the common 
some fancier with the catholicity of Shivkespeiire would 
tike us in hand, well and good; hut I would not trust even Shakes- 
peanes meeting os n commiUee. Let tis reiiirmber thut Bcetltoven’s 
fatlier was an habitunl drunkard and that bis mother died of con- 
«unption. From the genealogy of the patriarchs also wc learn, 
^what may verj* well be the tiutli,” that the fathcrt* of sudi as 
dwell ui U'tits, and of all sudi as handle tlie harp or organ, and the 
instructor of ci-eir urtllicer in brass and iron—the foundera; that is 
to say, of tlie arts and the sciences—came in direct descent from 
Cain, and not in the posterity of the irreproadiable Seth, who is to 
us, us he probably was also b the narrow- circle of his own ton- 
tutnporniries, what naturalists call n nomen nudum. 

Genetic research will make it possible for u nation to elect by what 
sort of hemgs it wiQ ho represenied not very many gimerations Itence, 
mueii as a farmer can decide whether his byres shall be full of sliort- 
hor^ Herefords. It will lie very surprising, indeed, if jsomp 
niition dow not nmke trial of this new [>owcr. They mav nuiko a w ful 
miiitjikeii, bill I think tliej will try, 

Wtiether we like it or not, exti^onlbury and far-reaching . hiinges 
111 public opinion are coming to pass. .Man is just lieginning to know 
hitusell for what ho is—a rather long-lived animal, with great powers 
of enjoyment if he does not deliberately forego tlieio. Hithoi'to 
superstition and mythical ideas of sin have predominiintlv controlled 
these powers. Slysticism will not die out; for those strungo fancies 
knowledge IS no cure; but their forms may change, and mvsticism 
ns a force for the suppression of joy is happily losing its hold on the 
modern world. As m the decay of earlier religious, Tshabti dolls 
were «ibslitiited fnr humon victims, so icleiuilhy, necromancy, and 
other harmk.® toys take the place of esdmtology and the inculcation 
of a ferocioiLs moral code. Among the civilised raws in Kurope we 
are witnessing an emancipation from traditional control b thought, 
m art and m conduct whicli is likely to have prolonged and won^ 
derful mlhieu^. Returning to freer nr, if you will, simpler con- 
reprions of life and death, the coming generations are determined 
to more out of this world than their forofathera did. Is it then 

to Bupimstd thot when science puts into their hand menus for 

!jrW *‘^1 immeasurable, and for making tbs 

SI? ^^^'7 nW. thut will demur to using those powetsf 

e slni^Ic between eommunitiw is only now beginning, 

and with the apprmicbiiig exhaustion of that capital of energy 
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Etored in the earth before mtin begim-it must soon become still more 
Serve, In England some tif oiir great-granriubildren will see th* 
end cif the enBilj accessible coal, ant], failing some miraculous dis¬ 
ci j very of avntlnble energy, a wholesale reduction in populating. 
There are races who have jjjnwn Uictneelves able at a word t« tln-ow 
off all Iraditinn and bike into their service every power that science 
has yet offerKl them. Cun wo espect that they, when they see how 
to rid themselves of the ever-increasing weight of a dcfectivB popti- 
hition, will hesitate 1 The time can not ba far distant when botii 
individtials and communities will begin to think in terms of ino- 
ioglcfti fact, and it behooves those who lead scieutilic tliought care¬ 
fully to consider whither action should lend. At present I ask you 
merely to observe the fiiets- Tire powein of scieitte to preserve the 
defective are now enormous. Everv vear these powers Lncreafic. 
This course of action must tea dr a limit. To the deliberate inter¬ 
vention of civilhyition for tiin preservation of inferior strains there 
must scMincr or later come sn end, and Ijcfore long nations will reall/^ 
the responsibility they have ussumetl in multiplying these ■' cankers 
of a calm w'orld and a long peace.” 

The definitely feeble-mitideii we may with propriety restrain, as 
wo are beginning to do even in England, and we may safely prevent 
unions in which both parlies are defective, for the evidence shows 
ihat as a rule such marriages, though often prelitie, toumifinly pro¬ 
duce no normal children at all. The union of such social vermin 
we should no more permit Uiati we would allow parasites to breed 
on our oivn bodies. Further than that in rcstmint of marriage we 
ought not to go, a I least not yet. Something, too, may be done by 
a reform of medical ethics. Medical students are taught tliat it i;; 
their duty to prolong life at whatever cost in Bulferltig. This may 
have been rigtit when diagnosia was unrertam and inlerfereiice 
usually of small effect, hut deliberately to interfere now for the 
prcservaticin of an infant so gravely diseased that it can never lie 
happy or come to any grxid ia vety like wanton cruelty. In priviuo 
few men defend such interference. Most who have smu these casu-s 
lingering on agree that the system is deplorable, hut nsk where can 
any line bo drawn. The biologist would reply tliat In all ages a«eh 
decisions have been made by civilized cotn muni ties with fair suc¬ 
cess both in regard to crime and in the closely onnlogmis case of 
lunacy. The real reason why these things a re done is been use the 
world collectively cherishes occult views of tiio nature of life, lie- 
ranee the facts arc rettlbed by few, and luJcaHBc between the legal 
niind—to which smiety has liocome accustomed to defer—and tlie 
seeing eye, there is imeh jihysiological antithesis that hardly can 
they be combined in the Eame body. So soon os sdentific knowledge 
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becomes comdiob property^ vio-ws more reasonable and- 1 may add, 
more: humanej are likely to prevaU. 

To all these great biologionl problems lliat modern society mubt 
sooner or later face Uiere nro many aapect^i bcsideii the obvious oneis, 
Infimt mortality we are asked to lament without the sliglite^L 
Lbonght of what tlie world would be like if the majority of these 
infants were to ssiirvive. The decline rn tJm birth rate in cotmtriea 
alread}^ overpopulated is often deplored^ and we are told that a 
nation in which pupnktion is not rapidly iiijcreasinjr must be in a 
decline. The slightest acquaintance with biology, or even schoolboy 
natural history, show's that this Inferenee may be entirely wi'ongt 
and that lie fore such a question can be decided in one way or the 
other hosts of considcnitioiis munt be taken into account. In nortiial 
stable conciitiotui population ia Btationary. Tlie laity never appre- 
mtfrH what ia bo clear to u biologist, that the last century and a 
quarter corresponding with the greet rise in popiiktion hnj^ been an 
ultogether exceptiomil [lericxl. To our species tliis periotl has been 
what its early years in Ai^straUa were to the rabbit* The exploita¬ 
tion of energy capital of the eaiih in coal, developraeiit of the new 
countries^ and the coiisequent pouring of focal into Bnro[iet the 
application of antiseptics, these are the things that have enabled 
the human population to incrense* I do not doubt that if popula¬ 
tion were more evenly spread over the earth it migbL increitse very 
much more, hut the ei^ntial fact Is that under any stniile conditioiiB 
a limit must l« reached, X pair of wrens will bring olf down 
young every year^ but each year you will find the same number of 
pairs ill your garden. In England the limit beyond which under 
present conditions of difitrlbutinn Increase of populatiou is a source 
of sufFeriog rather than of happiness has been reached already. 
Tounp'r couunimities living in territories largely vacant are very 
piTobalify right iii desiring and encouraging more popiilatlon. In- 
creagis tuny, for siimu temporary reasonj be essential to their pros- 
I>eTity, Ibii those who 11 ve^ as I do, among tliou^nds of creatures 
in a state of Kcmistarvation will realke that too few is better than 
too many, and will acknowledge the wisdom of Eccleriftsticii^ who 
«aid+ ’^'Desire not » multitude of iinpreHtable children.’^ 

Rtit at Ica^ it is often urged that the decline in the birtli rate of 
the intelligent and successful sectioits of the pripiilntion (I mn si^eak- 
ing of the okler conun unities) is to be regretted. Even this can not 
be granted without qualification. As the biologist bnow's, ilifTcrenti- 
ntion is indispensable to progress* If population were homogeneou.s 
civilisation would sdop. Tn every army the ofHcers muEt be com- 
panitively few. Consequently, if the upjier ‘^ralu of the coiujiiunity 
prwlure more children than will reentit their numbers must fall 
into the lower etmta emd increase the pre^urc there. Statisticians 
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tdl us that flu of four cluldren under presetit condJtiou!; is 

sunicient to keep the number constant, and as the expcetntioa of life 
is steadily impronng wo may perhaps cnntcmplate some diminutitm 
of tlint numl>er without oinmi. 

In tlie study of history biologies! treatment is only heglmilng to Iw 
apldieii. hor irs the rniises of the snceesB iind failure of race** arc 
physio logical events, und tiio progress of meiti lias depended u|y>n a 
eliam of these events, like those which have resulted in the '* impruve-* 
ment of the dcimesticated animals anti planta. It is obvious, for 
e.'fiiinplfl, that had tlie cereals never been domejdiciitrd cities cotild 
scarcely Im^e existed. Diit we may go further, and sny that in tem¬ 
perate Countries of the Old World (having neither rice nor uiaii'.e) 
populations concentrated in large idtiea have been made possible hy 
the apjwamncc of ti ‘Hhiaahahle" wheat- The ears of the wild 
wheats break easily to pieces, and the grain remains in the thick husk. 
Such wh^t can be used for food, but not readily. Ages before 
written histoiy Ijegan, in eome unknown place, plants. «r more likely 
a jilant, of wheat lost the doiiiinant factor to wdiich this brittleness is 
due, and the recessive, thrashable wheat rcsulte<L Some man notired 
tills wonclerfiil novelty, and it Ims I)een disscminatevl over the earth. 
The original variation may well have oreurrerl once only in a dn'de 
germ-cell. ‘ ^ 

.So must it have been, with man. Transliiteii into terms of factors, 
hi.w has tliiit progress in control of nature which we e«l] civiiixRf ion 
bt^en achlevetl? By the sporadic ap]ienniiice of variations mostiv, 
rwrhnpa all. consi^ing in a W of elements, which Inhibit tiie free 
working of the mind. The Jiiemliers of civilized communities, when 
they thmk ab<jtit such things at all, imagine the process a gnidiiul 
one. and that they them.<?flves are active agents in iL l‘>w. however 
contribute anything hut their labor; and except in so far aa thev have 
fmvlotn to adopt and imitate, their physiological composition is thnt 
of an earlier oHcr of beitigs. Annul the work of a few’ hundredfi—I 
ttught almost say sooreMf men, and on what plane of civilization 
Hhonld we be? Wa should not have adv-anrad berond the medieval 
stBgii without printing, chemi^iry, steam, electricity, or surgory 
wortliy the name. These things are the contributions nf a few ex- 
W^^^ly rare minds, ttalton reckoned those to whom the term 
islustnoua might be applied us one in a million, but in that number 
lie 13, of course, reckoning men famoua in ways which add nothing to 
imiver^l progress. To improve by subordinate Invention, to dis^ 
cover detiuls missed, even to apply knowledge never before applied, 
all these things need genius in some degree, and are far lierond the 
powers of the average man of our race; hut the true piorieer.'the man 
whose penetration creates a new world, as did that of Kewton and of 
Pasteur, is inconceivably rare. But for a few tlionsands of such men 
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HU should perliApji be in tl»u PalRColitliic ero* kno’wing iieilher mutdUs 
tvriting, aritlimetic, ivcuving. nor putlery. 

In the history of art the same b true, but with tbb remurkitble 
differenw. that not only art gifts of artistic creation very rare, but 
even tlie fatniUy of artistic cmjoyniunt, not lc> siwnk of lugher powers 
of uppreciation, is not attfliiic<l without variation from the common 
type, 1 am speaking, of cmirEt, of the non-Setuitic races of mixlem 
Europe, among whom the power whether of making or enjoying 
works of art is confined to an insignificant number of indiviiluals. 
AppteciBlion can in some degree be simulated, but in our [Mjpulation 
there is no widespread physiologiccd apixititc for such things, ^\*1ien 
detached from the centers where they are mside by others, most of ns 
pajs our time in gr€‘at contentment, making nothing that is beautiful, 
and (ptite nneonspioua of any deprivation. JltisLcal taste is the must 
notable exception, for in certain races—for example, the Ti^clsh and 
some of the flermans—it is almost univeraal. Othenvise, ^tistic 
faculty is still sporadic in its occurrence. Tljc case of music well 
itlustmtcs the application of genetic annlysia to human faculty. No 
one disputes that musicnl ability is congenital. In its fuller mani' 
festation it demands sense of rlij-thm, ear, and special nervous and 
muscular powers. Each of these is separable and doubtless geneti¬ 
cally distinct. Each is the consequence of a special departure from 
the common ty|». Teaching and external iuiluencCB urc powerless to 
evoke these faculties, though their development may be assisted. The 
only conceivable w'ay in which the people of England, for esatiiple, 
conld become a musical nation would be hy the gntdiial rise in the 
proportional numbers of a musical strain or strains until the present 
tvpo became so mrc as to be ncgligthle. It hy no meons follows that 
in any other respect the resulting population would be distinguish- 
iible from tlie present one. Difficulties of this kind beset the efforts 
of antliropologists to trace racial origins. It must continually Im re- 
iiieuibered that most characters are independently transmitted mid 
I'apahlc of such recombination. In the light of Mendclian knowledge 
the discussion whether « race is pure or mixed loses almost nil 
tagnifiennee. A race ta pure if it breeds pure and not oihecwise. 
Historically we may know that a race like our own was, as a matter 
of fact, of mixed origin. But a character may have lieen intro<lii«d 
hy a angle individual, though subse<iuently it becomes common to tlie 
race. Tliis is merely a variant on the familiHr paradox that in the 
course of time if registration is accurate we shall all have the some 
anmame. Tn tlie case of music, for instance, the gift, originally jier* 
haps from « Welsh source, might permeate the nation, nod the ques¬ 
tion would then arise whether the nation, so changed, naa the 
English nation or not 
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Sudk a problem is ralsEd in a striking form by tbe popnlntion of 
modcrD Greec^^ and especially of Athens; The racial characteristics 
of the Athenmn of the fifth century B* C* are vividly described by 
Gtilton in ‘^Hereditary Genius*^" The fact that in that period a 
population. hujdI wring in any thoiisandSf should have existed, capable 
of following the great plays at ti first hearing, revelling in sulnietiea 
of speech, and thrilling with paEsionute deliglit in t>eautifnl things^ 
is phyaiologicallT a nntst singular phenomenon. On the basis of the 
iiijtnhcr of illustrious men produced by that age Gal ton esticunted 
the average mtelligence as at least two of his degrees above our own^ 
diffcriiig from UB as much as we do fi'oni the Negro; A few genera- 
tioiis later the display was over. The origin of that constellatioii 
of hiJJiian genius wlikh then blazed on I is as yet beyond all biological 
analyskt but I think we are not altogetiier without suspicion of the 
fiefjiience tif tlie biological events; If I visrit a poultry breeder wlu> 
lijis ii fine Mock of thoroughbred game fowb^ breeding tniCi and 10 
years later—that is to 10 fowl-geiiaratiotts later—T go again 
and lind scarcely a reeognizahk game fowl oti the place, I know 
exactly what has happened^ One or two l>irds of some other or of 
no breed must have strayed in and their progeny been left tindo- 
stiTpyed, Now, in Athens, we have many indications that up to the 
bcgiiining of the fifth century m long as the pliratrics and gentesi 
were maintained in their integrity there was rather cloi^ endogamy* 
n condition giving the best chance of priiducing a liointigenenus pop- 
tilatlom Thei*e was no lack of material from which intelUgence 
and nrtJMic power might he derived^ Sporadically these i^iinUties 
exiMcd thioughout the ancient Greek world from the dawn of his¬ 
tory, and, for example, the vase painters, the makers of the Tsnngra 
liguriiica, and the gem cuttera ^vere presminibly pursuing family 
emits, much as are the actor families^ of England or the profes¬ 
sorial families of Germany at the present day. How the intetlectual 
strains aliotild have acf|uirci1 predominancy? we can not telh but in 
an m-brveding community Immogeneity at leeM is nut surprising. 
At the end of tim sixUi century came the ‘^reforms'’' of Cleisthenvs 
1^- C.), which sanctioned foreign mamoge^i and admitted to 
ci^emdiip a munlier not only of resident aliens but also of manu- 
mi^ecl sla\ea. Ag AriMotle Bfly% CleiMlienes legislated with the 
deliberate purpose of breaking up the phratries and gentes, in order 
that the various sections of the population might be mixed up as 
much as podble, and the old tribal associations alioHslied. The 
^reform-^ was probably a recognition and extension of a process 
already Ngiin; hnt is it too much to suppose that we have here tlm 
effective liegfiming of a series of genetic changes which in a few 
generations so greatly nlten'd the character of the people? TiKler 

^ For tiMijA af Ihisc familEcai i« tile tp Who"# Wlo $ii thv 
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MjLnj hd Ip further Isixity in pmctiiOe, and tlipugh at the end of the 
fifth I'^ntur? tlie birict rule was reenjifte<i that a citizen miiat !«? of 
diti^n hirtii on aldm- the pnpidatinn by that time muy well 
bare becptne largely uiuagi^Uzed. 

Ixit KiL" not be construed us arguing that mixturp of raites Is an 
evil^ far from jt- A pppuliition like our own., indeod} owes much of 
its strength to the extienie diversity of its com[>oiient& for they con¬ 
tribute a corresponding ohundanee of aptitudes. Everything iMrm 
on the nature of the ingredients brought in^ and I am rpocerned 
iiplely wUh the Db£pri'atio]| ihst tUe£ie genetic disturbances lead ulti- 
mutely grent nml n^iially unfoix^sieen chiinges in tbe Jiuture of tbe 

popiiIatioD. 

Some experiments u{ lids kind are gohig on at tbo present time, 
in the I nited Stato, for example, on a veiy large scale. Our grand- 
ctdJdren ntuy' live to the chanicteri^tics of the American popuk- 
lion entirely altered by the vu^i Invasioti of Italian and otJier South 
EurPiH^au elements- IVe inay expect that tlie Eustem States^ and 
es[ieciaily New EuglandT wbos^ people ^ill exhibit the fuse Furi tan 
qualities., with their appi'opriata I imitations, absorbing little of tbe 
nlion elements, will lie fora long be in feelings and uptitudf^ very 
notat jy differentiated from tbp resL In Japan ulsa, w itb tbe atioli- 
tion of the feudal system and tlie rise of e^anzuerciaUsin, a change in 
l>upubtioni liAB begtm wliicb inay lie wnrtliy of tbe attention of imt- 
uralkts in tlmt cuimtryp Till the revolution tbe Samurai almost 
always mnnied w ithiti ibetr own class, with the result, Uii 1 am in¬ 
formed, diat the caste had fairly rcengnizahle features. T)ie changes 
of atid the consequent ijnpovenshment nf the Samurai have 
I nought aliout a lieginning of illsintegrtition which nmy n6l loiproh- 
ahly have jjerceptiblo effects. 

How many genetic rid^itudeB Intii our own peerage nuilergone* 
Into the bard-fighting litock of iiiedieval and Plantagenet times Iwve 
Biicccssivoly liceri the cuiujiiig sdirewdiieis of Tudor btatej^- 

niim and courtiers, ibo nnnieroiiii CPiitributions of Charles II cind 
his concubines, reinfoitiTig p«:uliiir mul persistent attributes which 
popiiiai' imagiiiation csjieehilly regards as the eharacterktie uf peel's. 
ultimatc)}'^ the heroes of liciam^ji and iudustrialisni. Definitely iuteb 
Icctiial elements have been sporadically added—with mre exceptions, 
however—fixiui the ranks of lawyers and politicians. To tlik ark- 
toeracy art. learning, and science havt^ cuntrihiilcd qiarse ingre<lj- 
euLs. hut these mostly chosen for celibacy or Ghildlesstiess. A re- 
nmrkable hraly uf men, nevertheless: with an average ^Mm™power.’' 
jm iSaniutl Butler would have said, far excee^ling that of any iimdom 
Siample of the middle ck^ If only mmi could be reproduced hv 
liuddiug what a simpUfication it would he- In vegetative repri> 
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duet ion UeiotHty is tn^iitilij complete* Tlie Waidiington ]iUim oin 
l}^. divided to produce os many ideulneal individuals ns are required- 
Ifn^ ifiiy, AVasliiiy^ons the statesmiin* or preferably Kuti?' Siilomoii, 
i^Lild eiiiiilarlT have been propagatedj all the nations of the earth 
ctruid have been supplied with ideal nilersH 

liistiLiriiLns commonly nscriiie sncli changes as qccurriHl in Athens^ 
and will atmotd: certEiinly come to pnf® in tlie United Staton to con- 
clittotis of lifcj and ejspecmily to politiciil iti^ii tut ions. Tliese 
agenciesi howeierj do little unlei^ they are such iis U) change tlio 
brecfL External changes may indeed give an opportunity to special 
stmins. winch then aerjuire asomdency. The industrial dovoiopments 
winch l^egan at the end of the eigliteenih centurj% for instance, gave 
a chance to strains till then submerged, and Uielr success involved 
the clec^^y of most of the old aiistocrntic familica. But the dema<^ 
gtigue Tvho would urgi^o from the rise of the one and the fall nf the 
other that the original rebitive poFitinns were not ju^ifioble alte- 
getlier mistakes die facts^ 

Conditiuiis give opportunities hut cause no sanations. l'\ir ex¬ 
ample. in Athens, £o which I just referred, the universality of culti¬ 
vated dlivcerniiiiint eon Id never huvu cnuie to pass Imt for the 
insititiition of slavery which provided the opportunity, hut shivery 
was in no sense a cause of that development, for iiiany other popu¬ 
lations Lave lived on slavejs and renuiiiieil altcsgcthor inr^inspiciituis. 

Tlio long-standing t-ajutroversy us to the relative importanei* of 
nature and nurture^ to use Galton's convenient jingle of words^” 
is drawing to iin end^ tind of the overwhehiiitigly gi^eatcr significance 
of nature there is no longer any pos^bility of duiihh It may Iw 
well briefiy to i^apitulate the arguments cm wlddi nutumlists rely 
in oomlng to tkLa decision hoth aa reg^irils races auil isidlvidoals. 
First, as regards human individiiEils, there h the comuiLm expericiu:^! 
that chi Li ran of tlie ftanio parents^ reared under conditions sensiblv 
idoiitival, may develop quite ililTer^mtly, exhibiting in character and 
aptitudes a ecgi^'gation just as gi™t us in their ci 3 lnr& or littir fortius 
Convensely all tlio luoi-e markeil aptitudes huve id various times 
appeared and not rarwdy reached |>erfection in eircumsiiuuf^ the 
least favorable for tlieir development. Next, appeal can l>e morb to 
the universal experience of the breeder^ wliether of animals or plants, 
diat strain is aIjsnJutely e^ntiah that thoiigh bad conditions may 
rosily enough spoil a good strain, yet that uiu.br the bt^ conditions 
ji bad ^rain will never give a fine result ft is faith, not evidence, 
whicli encourages educationist and economists to hope m greatly 
in the amdiorsting effects of the conditions of life. Let us conside^r 
wbtit they can do nnd what tliey can not. By reference lo wum 
sentences in u charming though pathetic Wk, WTiut Is, and ^Yhat 
tight Be.” by Mr. Edmond Holmes, which will l>e well known in 
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Chu fltlijcfltiojuil iiwtkm% I nuiy Aiuk^! the poiDt of vl«w of ns nstfi- 
ru]ki!t!3 clenr. 1 tJike jMr* Holm(^’'3 pTononnecniient partly becaiLse 
lie m an oDtliiisii^stie IwUcvcr in the of nurture as opposed 

to nature^ and ulso because he HUistrateia hifl xi^ws by frequeot 
npj>ctt)s to hjolo^jcul iinulogies which help us to a common groiinEl. 
Wb«U Ladly cultivatetl will give n had yield, tlioiigh. Mr^ Holmes 
truly suvSt wheat of the same st 1*^1 in in similar mil well cultivatetl 
may give a goi^^l harve-il, Butj having witness the success of a 
gi'^ul natural teacher iix helping uiipromismg i>eai:iatiL children to 
develop their natiirat powers^ he giviias us another Ixvtanicnl pamlld^ 
Assuming that the wild biillaca la the origin of domesticated phnrus, 
lie tells 03 thut by eultivatiiin the hullHee can no doubt lie improved 
Ht far as to tieconie a l>ctter Imllacet but by no means can the biillace 
be made to bear plum& ^Vtl this Is s^mnd biology; but tmoslating 
these fueta into tlio Imumii analogy^ he declares that the work of 
the sticee:&ful teacher shows that with man tlie facta are othenvisc^ 
nnd Ihnt the dxem^je ni^stic diihh whose nomuil idwil is ‘HiuUacc- 
IiocmL’’ can htconie the rare e^coptifuis deveIoj>ing to q s|«go corre¬ 
sponding with tliat of the plum. But the natumlist knows exactly 
where the parallel is nt fault. For the wheat and the biillacc ai^ 
both breeding approxlinateiy true, whereoii the human efop^ like 
jiUo anc] various cottons^ is in a state of polymorphic luLvture. The 
|>{^]Hibition of many English villager may he compared with the crop 
which would resiilt from sowing a bushel of kernels gathered mostly 
fioiii die hedges, with an occasional few fi-om an orchard* If any¬ 
one asks bow it happens that thci^ are any plum kernels in the ssm- 
[ik* Jit ulL he may Ond the BUiiver p€»rbapa in spontaneons variation^ 
but more probably in tlie ap[warancc of a long-hidden recessive- 
For the want of that genctie variatiorij consisting probably, os I 
liiive argiiedT io h^ of inhibiiiitg factors, by which the plum arose 
from the wild fomi, neither foed, nor edneatioa* nor hygiene can 
In any way atone, Muny wibi plants arc half starved throiigh com- 
fielition, and tninsferj-f^d Ut gunlen mU they grow much bigger; so 
gmid conditions might certainly enable the buHace popiilatjon to 
develop Ijeyond the stunted physical and mental ^taturi.^ they com- 
munly attain^ but pbuiis tliey c.m newr be. ^IfKlem statesmaiudiip 
aims rightly at helping those who have got sown ns wildings to 
come into their pra|ier class; but let not any one siippo:^ such w 
[lolicj' fleniocratic in its iiltinmte effects, for no course of action can 
lie mui-e effeclive in strvngtliening the up|icr classes wbiM weaken¬ 
ing the lower. 

In all practical ^licine^ for social reform the congenital diversity, 
die essential iwlymorphism of all civifeed coinmiiaities, ijiiirt Iw 
rvcogisiKed as a fund ament a 1 fai t, tmd reformer should rather direct 
rht-ir efforts lu facilitating jiml rectifying class distinctiomi than to 
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uny futile Attempt to thcm^ Tba leach ing of hiology is per¬ 

fectly elewr. We lire whafc uro by virtue of our diflercDtiation* 
The value of civilization has in all ages been doubted. Sincej how- 
ev'CTj the first variations were not Etmngicd in their birth we nre 
launched on that course of variability of which civilizailoti Is the con- 
seciueuce. TVo can not go back totLomogeneity agiuu« and differentiated 
we lire Hkeiy to continue. For a period measures designed to create 
n tipurioii^ homogeneity may be applied. Such attempts wlll^ I an- 
ticipiile, be made when the present nnstablo social state reaches a 
cliniux of instability^ which may not be long beoce* Their effects 
ciiu lie but evanescent The iufitability b due not to inequality, 
which is irdierent iind cougeuitah but rather to ihc fact that in 
fHjrluds of rapid d^auge. like the pr^nt convection currents uro set 
up tfudi that tbe dements of the strata get intcrnilied, and the 
apparent stratidcation correaiionds only roughly with the genetic. 
In a fe^v generations under iinifottn conditiona these elements settle 
in tlieir true levds once more. 

In such eqnilihriiim is content most purely to be expected. To the 
naturalist the broa'd lines of sedution of the problems of social dis- 
couti^nt are evident. They lie neither in vam droains of a mysticEd 
anil disintegrating equality nor in the promotion of that malignant 
individiialiain w^hlcb in older cidlizations has tlircLitened mortifica¬ 
tion of the humbler organs, but rather in a physiological ewrdilla¬ 
tion of the constituent parts of the social organism. The rewards of 
comiiierce are grossly out of proportion to ihoso attain able by iu- 
tejlcct or industry. Even regarded as compensation for a dull life, 
they far exceed the value of the services rendered to the community. 
Such disparity is an incident of tlio abnormally rapid gi'owth of 
pcipiilution and is quite indefensible us a permanent social condition. 
XeverthelL^ capital, diMtinguiKhciI as ii provision fnr offspring, 
a eugenic inf^titution ; and unless human instinct undergoea some pro¬ 
found and impiyibable variation nlKilitlon of i?opitat mraus the aboli¬ 
tion of effort. But a^^^ hi the body the powder of independent growth 
of the parts is timited and subordinated to the whole* similarly in 
the eommimitj we may limit the powers of capitah preserving sj 
much inoqimllty of privilege ns corresponds with physiological fact. 

At every turn the student of political science is confronted with 
problems tlmt demand biological knowledge for their solution. Motjt 
obviously b this true in regard to education, the criminal law, and 
all thth^c numerous branches of policy and administration which are 
directly concerned with the physiologicBl capacities of nuinkloil. 
Assumptions as to what can be done and whqt con not be done to 
modify individuals and races have continually to lie made^ imd the 
basis of fact on which such deci.sions are founded cun be dra’ivn only 
from biological study. 
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A knowledge of the facts of iiatiii^ m aot yet doomed an esscmtial 
part of the mental equipment of politicians; but os the priest who 
began in othec %s mediciue man has been obliged to abandon 
the medical ports of his practice, so will the future behold the school¬ 
master, the mugistrate, the lawyer, and tiltlmately the ^tatesmsn, 
compelled to filiore with the naturalist those fuucticms which are 
concerned with the physiolog5* of race. 



\ O Ci.il 












SOME ASPECTS OF PEOCtRESS IX MODERN ;iOOLOOY.= 
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It ifl our priTilegii; to live in u timt* of uJtoost itn^Kampkd progress 
in nnturnl scieurt, u time distingnislieJ ulike by discoveries of die 
first magnitude tind by fnr-reuching changes in method and in point 
of view. The advances of rece4it years have reTolwtionized our coti’ 
cepdonsof the stiaicture of mutter and have seriously raised the queS' 
don of the tranamutadon of the chemical elements. '^Thcy have con¬ 
tinually extended the proofs of organic evolution but have at the 
fame time opened wide tho door to n reexamination of its conditions, 
its causes, and its essential nature. Sudi has been tlie swiftness of 
these advances that some effort is still required to realize what re¬ 
markable new hnrlifioiis of discovei^" they have brotight into view. 
A few years ago the possibility of investigating by direct experi¬ 
ment the internal structure of a toms, or the topographical grouping 
of hereditary units in the germ cells, would liave seemed a wild 
dream. To-day these questions stand among tlie substantial reali¬ 
ties of scientitie inquijy. And lest we dioald lose our heads amid 
advances so sweeping, the principles that guide scientific research 
have been subjected an never before to critical examination. We 
have become mo™ eireiuufipect in oiir attitude toward natural ** laws.'’ 
We have attained to a clearer view of our working hypotheses—of 
their nses and their limitations. With the best of intmtions xve do 
not always succeed in keeping them clear of metaphysics, but at least 
we have learned to try. We perceive more and more clearly that 
science does not deal with ultimate problema or with final sohitions. 
In order to live science must move. 8he attempts no more than to 
win successive points of vantage which may serve, one after another, 
as stepping stones to further progress. When these have played their 
part they arc often left behind os the general advance proceeds. 

In respect to the practical appltcntioas of science we have almost 
oeaficd to wonder at incredible protligies of achiev emcJit, yet in some 
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directianii Uiey retaio a hold on our imaginfltion tbat daily famWiar' 
iiy con not sbnki?. ^’ot iiv our time, at least, will tlie Jutignificeni 
conquers of Biinitary a'ience flud expei-lmental medicme sink to tlic 
level of tte commonplaL*e. Science here renders her mutt direct and 
pei-soual service to Inimnn. welfare: and here in Iwh direct ways tdic 
plays a part in the a^lvanee of nur civiliisation that would have been 
inconceivable to our fathers. Popular writers deligiu to itortmy the 
tiatiiralJst as a land of reanimated antediluvian, wandering aimlessly 
in a niodcrn world where he plays tlie part of a hiirmless visionfiry; 
but what tiinHter of romance would bans hud the ingenuity to put into 
the heant of his injihical naturalist a diTam tluit tlie construction of 
the Panama Canal would turn upon our acquaintance with the natu¬ 
ral history of the mosriujito, or that the ht*alLh and happiness of 
nations—uay, their advance in science, letters, and tho arts—might 
depend meastirably on the cullii'utiuu of our intimacy with the fnm- 
ily Jives of house Hies, dens, and creatures of still more dubious ante- 
cedants. 

Fcuirietm years ago to-night it was my privilege to deliver an 
address ijefoie the ,:Viiierican Society nf Naturalists, entitled “Aims 
and JlctliodB of Study in Natural Histoiy%”^ in which 1 iiidiaited 
certain important changes that were then rapidly gathering head- 
wuy in aoologj*. To-night I once more ask attention to this aubject 
os viewed in the fidler light of the remarkable period of progress 
through which biolngj- has since been passing. T will not tty to 
range over the whole ' ast field of zoology ui- to catalogue its specific 
advances. 1 aull only permit myself a few rather desultory refloc- 
tiuns suggested by a retrospect upon tlje progress of tlie past S.'i 
yoartw If my view is not fully rounded, if it is coloretl by u long 
standing habit of lotiklng at biological phenomena through the eyes 
of an embiyologist, 1 will make no apology for what I am not able 
to II void. me remind yon also at how many points tlie boundaries 
between this and other branches of biology have beconie obliteraled. 
The traditional separation hetivccn zoology' and hotimy, for instaiLee, 
has lost all Eignifiennoe for such subjects as genetics or cvtolngy. 
.Vgain, the artificial boundjiTy often a-t up lietwocn jtonlogy and ani¬ 
mal phyaology has wholly disiippeared, owing to the extension of 
exjxiriinentiil methods to morphology and of comparative methods 
to physiology. I trust therefore that our brethreu in botany and 

physiology—[icrhapa T shoiUd include also those in psychology_ 

will nf.t toko it amiss if I include them witli ub under the good, ohl- 
foshioneil name of natural ieta. 

The sum and subsiance of biological inquiry may be embodictl in 
two questions: TVlint lathe living organism, and how has it come to 
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be ? We often find it convenient to lay the cmpbasi^B on one or the 
other of questiune^ but ftindjuncntnlly they urc mscpamble* 

The e^^ming imimul t>cara the indelible impress of its past; tW 
tinci nniinal can be comprehended only in the light of the present. 
I'\ir instnnce, the paleontologist is most directly concerned with prob¬ 
lems of the pust| but every step he is confronted by phenomena 
only to be c^)inprehenile€l tlimugh the study of organisms m they 
now iii^ Oiir nmin causal onulyais of evolwtton must be carried out 
by experimental studies on existing forms. All this seems self* 
evident, yet the singular fact is that only lu more recent years have 
td:u dents of evolution taken its truth fnlly to heart And hero lies 
the key to the modern uiuvement in 5 EOology of which I propose to 
speak. 

1 do nut wish to dwell on matters of ancieni hi.^ory. but perunt 
me a word concerning llie conditions under which this movement 
first began to take definite shape us the nineteenth century draw ti*- 
ward its dose. In the first three decades after the “Origin nf 
.Species" studies upon existing animals were largely dominoteil by 
ctforte to reconstruct their history in the pnoL Jlany of ns will 
recall with what ardor naturalists of tli© time threw themselves into 
this profoundly interesting task, llaiiiy of ua aftenvards tunn^ to 
work of widely different type; but have our later intere^ I wonder, 
been keener or more spontaiicotts than tliose awakened by the mor- 
phological-historjcal prcblemsj, some of iliem already half forgotten, 
which we then so eagerly tried to follow! 1 am disposed to doubt it. 
The enthnainsm of youth? Xo doubt;; but somethiug more, too* 
Effiirts to solve those problems have in the past often failed; they 
no longer occupy a place of liomiiialbg importance; but they will 
contitiue feo long os bbdogy endures, because fbey are the offapFing 
of an ineradicable historical inEH;mct, and their nchievement stsimU 
^iire in the great body of solid fact which they have built into the 
framew ork of our science. Says Poincare: 

Tiic ad^'^nce of science la not comaambSe to tap chances of a dty, wtiere old 
edUlocs are plOlpasly torn ilmm to Use plai?e to new, but to tlio iX^Eitluuous evo- 
ttUlon of iwicigic i^Fpes wtdeb devoloo f^ancles^tr and eoil hy becoinlDs miriHxifl;- 
nbcftblo ta the ctjmman night, but liirliere uu expert pye tliais alwaja traces of tho 
prior wort of thp oenmrlEs past Om maiit out thint, th4*a, thnl tlm oSrl- 
|jaaiUoiie«l theerlea Luva lM»a steiilo atu! vain. 

And, after all* science impresses us by something more than the 
cold light of her latest facts and formulas^ The drama of progress, 
whether displayed in the evulution of living things or in mim s age- 
lung struggle iu comprehend tlie w'orld of which be is a produc-tj 
stirs the imagination by u warmer appeal. Without it we should miss 
something that wg fain would keep—something, one may suspect. 
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t:hnt lias plnyetl mi important part ftt the hi|^er kv^la of sfientiHi) 
uLhievemoiiit- 

1 seem to have been ranght onana™ in the net of moinlizin^. 
If so, let it charltnblv be fiet down m an attempt to feofton the liiird 
fact that 30 years after the ^Origin of gpedes we found oitmelves 
gmwing discoutented witli tiic existing niethock and results of phy- 
logenetic inquiry and with current explanations of evoUition imtl 
adaptation. Almost as if by a preconcerted plans natiiniiists l>egaii 
to turn aside from historical problems in order to learn more of 
urganisuis as they now are* They began to ask themselres whether 
they liad not been overemphasizing the problems of evolution at 
iJm coat of tljose presentetl by life processes overywhens before our 
eyea bi-day* They awoke to the insufficiency of their tiaditiuiiitl 
methods of bbservntion and compar^on and they turned tiiuro ami 
moTo to the method by which nil the g^t conqueata of physico¬ 
chemical science had biien achieveci, tlmt which lUidertsikcs the anuly¬ 
sis of phenoiucnn by delibenite control of the conditions under which 
they Uike place—^the mqlboii of CKjjeriment. Its gteadily iiicrensing 
importance is the inoat saUeitt feature of the new zoolog)\ 

Kx{>enmental work in zoology ia as old as zoology itself; never- 
thele^. the main movement in this direction belongs to the past tvvo 
ilecndes. I will make no attempt to trace its development; but let 
me try to suggest smuewhat of ita character and cunscrpienccs by ti 
few ontlineiii of what took place in embryology. 

The development of the egg ho^ always cast a peculiar spell oti 
the scientific imagination. wc folbw it hour by huiir in the 
li ving object w e witne^ a Hpectacular exhibition that seems to bring 
us very close to the secrete of anltual life. It awakciift an irrepn^- 
filblo dcfrirc to look below the surface of the phenomena* to penetrate 
^lio mj'slery of development. The aingular fact* nevertheless, in 
that during the phylogenetic period of eunbiyologicLil research thin 
great jHiobleinj though always before onr eyc^ seemed rtImo?3t tu (lo 
forgotten in our preoccupation with purely historioid qiic-wtlonS” 
Bucli Jts the origin of vertehmtes or of annelliK the homologies of 
genu layers^ gill slits or nephridia^and a hundred r>thers of the same 
t^'pe Kow^ these questions arc and always will remain of great 
interest: hut emhryologj', ok at lust wo enme to ece^ iu but indirectly 
ronue^ded with histgHcal prohlcmfs of this t>Tc. Tlie embryologist 
oeeks first of all to attain tii some understanding of development. 
Tt was therefore a notable event when, in the later eighties, a small 
group of embryologists headed by WiUifilm Itoux turned iiway from 
the historical aspects of einhiyology and addre^ed thenis^Ivcs to 
experiments designeil solely to throw light upon the mcchanisni of 
devolopmcuU The fuU significance of this step firet came homo lo 
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m in the early nineties ^iih Driesth's ni&mnrabk discovery thnt by 
ti idniple Jnecbanical opei'^tion con ot will cause one egg to pitj- 
diico two, or even more than two, perfect embryos, I will not pitiise 
to iij{|uij:e wby tills result sbonld hiive seemed so revolutionaiy'. 
It was aij if the scsles hud fallen from oni- eyes. With almost it 
feeling of shock we took the measure of our ignomnee and saw the 
whole problem of development reopened. 

The immediate and most important result of tbi^ was to stimuhite 
II great niimtwr of important objective inv^igatioiis m einbryologj^ 
Blit let me pause for a moment to point out that at nearly the same 
time a similar reawakening of interest in the experimental 
gation of problems of the pi^seut became evident in immy odrer 
directions—for examplej in studies on growth and regeneniripin; on 
cytology and protozoology; on economic biology; on ecology^ Lite 
Ixdia vior of aninmls and their reactions to stimiili; on heredity, varia¬ 
tion nnd Belection. The leaven wjis indeed at work in almc^t everv 

1- 

field of zoology^ and every'where kd to like resulU. It waa a day of 
rapid obliteration of conventional boundary linens; of revolt from 
speeuliitive systems toward the concrete and empirical niethcKls nf 
the Lihomtory; of genenil and far-reaching extension of experi¬ 
mental methods in oiir science. 

But I win return to embryology* It may be donbtefl whether any 
periexi in the long history of this science has been more proiJucti vv 
of varied and important discoveries tliaii that which followed upon 
its adoption of experimental methods. In one direction the embry¬ 
ologist went forward to investigations that brought him into inti- 
mote relations with the physicistj the chemist^ the pathologist, and 
even the surgeon. A flood of light was thrown on the phenomena 
of flevclopment ly studies on difFcAmtiation, regoneratiim, truiis- 
plantation, and grafting; on th& developinent of isolated bhistumcres 
and of egg fi ngmvnts; on the symmetry and pobrity of tho egg; on 
!he relations of development to mechanicah physienh and cliemictd 
i^onditions? in tlie environment; on isolated lii^g cells and tissue^-, 
cultivated like microorganisnis, ontride the bcxlv in vitro; on fcrtili- 
r^ation, artificial pnithcnogenesis. and the chemical physiology of 
development. In respect to the exteiiaion of oiir real kniiwledge these 
advances constitiile an epoch-maknig gain to biological science. 
And yet these same researches afford a most mieresting demonstra¬ 
tion of how the remoter problems of sciencf:, tike distant mountam 
peaks, seem, to rrcirie before tis even while our act no 1 knowledge is 
rapidly advancing, Thirtj* year^ after Roux's pioneer researches we 
find our^Ives constrained to admit that in spite of all that we havo 
learned of development the egg has not yet yielded up ha Lnmo^ 
secrets. I have referred to the admirable discovery of Driesch con¬ 
cerning the ortUickl productioEi of twins. That brilliant leader of 
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t?iubtyoln>jicfll research had in earlier 3 'enrs .ytiighl for ao imder- 
Eltmding of development aloag the lines of the meebanistie or 
'physJfO-ehGniiciiI iinulj'^is, nsaiiniiiig the egg to be essentially a 
ph)'Hko-elifiui 5 .’al machme. lie noiv admitted hi a fwihi™ and, be- 
conung at last convinced that the ejuest had from the first iFeeti hoiw- 
l«i 3 , threw all Ills energies into an attempt to resiiseltate the Imlf 
cxtirifi doclriuea of vitalism and to found n nciv philosophy of the 
organiiin. Tlius the cml^ryologist, starting fnim 11 simple laboratory 
eiperimcnt, strayed further and further from his native land until 
he found himself at last ipdte outside the pale of JKience. He did not 
nlwaj’s return. Instead he Bomelitnes made himself n new home— 
upon occasion c'lOn establisheil himself in the honfirwl occupancy of 
a university chair of philosophy. 

The theme thnl ishere soggested tempts me to a digression, Ije^’miso 
of the elenr liglit in wlik-h it displB}*^ the attitude of modem biolog^v 
toward the study of livingdhiogs. It is imposiabb not to admire the 
kuenncisi of analysis, and often tlie artistic refinenient of skill {wliieh 
m captivates US, for instance. In the work of M. Bergson) with 
wliicL the neovitalistic writers have set forth their views. I'or my 
part 1 tun ready to go further, andmitting freely that the posuliun of 
tlieso writers may at bottom be well grounded. At any rate it is well 
for US now »ntl then to be rudely slmken oot (d tlie nit a of our 
tucfUfltoiued modes of thought by a ehnUenge that forces tijwn us the 
question whether we really ospect our scalpels and microscopes, our 
■<nll-aoliitions, formulas, and tables of Matistics to tell the whole story 
of living things. It is, of course, imposEible for ns to assert that, 
they will. ..Wd yet the more wc ponder the question the stronger 
grows our conviction that the “entclechies" auJ such-Uke Hgeneies 
conjured forth by modem vitAliem are as sterile for science as the 
finni cansea of an earlier philosophy; so that Bacon miglu buvo said 
of the farmer as he did of the latter, that they are like the vestal 
vtrgius—dedicated to God, and barren. IVc must not deal tem 
severely with the naturalist who now and then permits himself an 
liour of dalllfince with them. An uneasy cotiBcience will sooner or 
lultT drive him back into bis own straight and narrow way with 
the insistent query t The specific ^dtal agents, nut that arc 

l>er«tulatc<l by the vitallst—are they siiber realities ^ Can the exist¬ 
ence of Bii “elan vital,*’ of **cntelochies,” of ‘’^iisychoids’' be experi¬ 
mentally verified? Even if lM?yond the rencU of verificatirm may 
they Htill be of practical iwe in oiir investigatioufl on living things 
or find their justification on larger grounda nf scientific expediency? 
However philosophy may answer, science can find blit one re[)ly. 
The scientific method is the mechanistic method. The moment wc 
swcriie from it by a single step wc set foot in a foreign land where 
a diffei-ent idiom from ours Is spoken, We have, it is true, no proof 


PSOiSREsSrf \K ZOOLOOV— 


401 


wUHtei7<;r of itn iinrtl viilidity. ^Ve do rioL udopL the uiecbtuibtii.' 
view of orgiinie nature as u d^jgimi bat oiily ns a pi'at.-tit'ul pi-ograiii of 
work, iieitbor ruore oor le^ We imuw full well that our pn^sejit 
mechanistic eoneeptions of anbnals ^nd pbitil^i Uave Dot yet made 
any apprc^ach to a complete boliition of llic probkiiiis af lift\ whether 
past or presents ThLs ebould encoura^ its to fresh effortii, for 
just in the present inade^iuacy of tlicso conceptions Iks die ajssuranee 
of our future proffn^ But the way of uiiieritiabk (and irre¬ 
futable) inia^native constructions is n<H unr way. We must hfjkl 
fust to the iiiethud by wliicb all tbe great advances in our knuwletlge 
of nature have Iweti acliieved* We sliall make lasting [>ri:igitiss only 
by plodding along tbe old^ hard-beafen trail blazed by our ficientific 
futliers —the way of observation^ coniparisorit e.'tperiniriu^ analysis, 
byntlieiiis, prediction, verihcjition. If this t-reuLs a prosaic proginiiii 
we may leam otherwire from great dis^'overers in every field of 
scienc© who have denifULstrated bow free lk the [day that ii gives to 
the constructive inuiginatloii and even to the faculty of artistic 
creation. 

Thus far I have desired to empbasize especially the reiiwakening of 
our interest in problems of die present, and the gmmug importaDce 
tif e.vpefnjieiitu1 methods in onr scientte. li is Intereisting to observe 
how tbcj^ changes have afiected our aUilude toward the Idstnrical 
problem as ilisphiTcd in the miKlern study of genetics ilven here 
wc are struck by the same slufdtig of the center gi-avity that luis 
been remarked in other helda of iiirpiiry* In the Darwinian era 
studies on variation and heredity scemevl significant nittiiily as a 
means of approach to the problems of evolution The post-Daj'Win- 
lans awoke once more to the profound interest that lie^ in the genetic 
composition and capacities of Uving things as they now arc. They 
turned aside from general theories of evolution and their deductive 
iipplicmtion to special pmbloms of dest^uit in order to take up ob- 
jeetivo eacpcrimimta on variaticui and hrreflity for their own S 4 ikc. 
This was not due to any doubts conrerning the reality of evolution 
or to any lack of interest in itt^ problems. It was a i>oliey of masterly 
inactivity delilienitely adopiod; for fnither discussion conreming the 
causes of evolution had clearly become futile until a mure uflLH|uata 
fiiiil criticHl view’ of existinig geDctic phcnooiena had been gaiiiod^ 
Investigators in geneticti here followed precisely the same impulse 
that had actuated [he embryologists; and they, toi^^ reaped a rich 
ban est of new’ discoveries. Foremost among iliem stands the redis¬ 
covery of Mentkrs long-forgot ten Iitw of heredity—a biological 
achievement of tlxe first mnk which in the year IfW) siiddeoly illiimi- 
Dated the obscurity in which students of hemlity hod been ginpirig. 
Another towering hindmark of progress is De Vriess great work on 
18618“—bh IBIA—-26 
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the mutation theory^ published a year later^ ivlucli marked almost 
as great a transformatioti in our views of variation and displayed the 
whole evolution problem m u new liglu. Tn the em that followedj 
the study of heredity fpuckly beeaine nut only im experimental but 
almc^st un exact science^ fairly euiuparable to chemi^itry in it?? eyss- 
tematie employment of qualitntive and quantitative analysis^ syn- 
thedst prcdicLinn, and verificatioiL Mono and more clearly it bo- 
eame evident that the phetiDiiiena of heredity are manifestations of 
deSnite nii?chanisrn in the living body* iUeroscopical stiuHes on the 
germ-cells made known an impoidant part of this utcchaiiisin and 
prorideii us witii a rimple mechanical explanation of Mendels law. 
And suddenly in the midst of all this, by a kiLleidoscopjc turn, the 
fundamental problem of organic evolution crystallizes before our 
eyes into a new^ foim that seems to turn all our pre^dous concept ions 
topsyduny. 

I will comment briefly on this latest view of evolution, partly be- 
oRu^e of its inherent interest* but also because h again exemplifies, 
113 in the cose of emhr^^nlogy. Chat temptation to wander off into 
metaphysics^ verbo) which fiL'ctne so often to be engendered 

by new' and telling discoveries in science. The fundamental ques¬ 
tion which it raises shows an interesting analogy to that encountered 
in the study of embryology,, and nmy conveniently i^e approached 
from this side. 

To judge by iU cxtcnial aspeetB, individual development* like evo- 
hition* would seem to proceed from the simple to the complex; but ia 
this true when we t*onsider its inner or essentia! nature? The egg 
appt^ars to the eye far simpler than the adult, yet genetic experiment 
seems continnally to aecumulato evidence that for each independent 
hereditary trait of the adult the egg contains a corresponding somC' 
thing ^we know not what) that grows, di^ddes^ and is transmitted bv 
cell division without lo^ of its specific chacarter and Independentlv 
of other somethings of like order. Thus arises what T will call the 
pii^^zlc of the microcoetn. Ts the appearance of smiplirity in the egg 
illusory f Is the heii*s egg fnnxiamentally as complex as the hen. and 
is development merely the tTansfomiation of one kind of complexity 
into another? Such is the ultimnte qnisstion of ontogeny, which in 
one foini or another has Wu debated by embryologists for more than 
two ceatiirjcs. We still eon not answer it. If we attempt to do so 
each replies according to the ilictate?; of his indivJdiml temperament— 
that is to say, he resorts to some kind of embolism—and he still re- 
maios free to choose that particular form which he finds nuM eon- 
venienh provided it does not stand in the way of practical efforts to 
advance oiir real knowledge tlirongh observation and experimenL 
Those who miLst have everything reduced to hard find fawt formulaa 
Will no doubt find this rattier disconcerting- but worse k to follow. 
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Gone tic re^Cftrch now confronts us with os^wntially the same question 
an jipjWied to the evolutionary germ. Tho puzzle of the microcosm 
hsis become that of the macrocosm. W'erc the pritnitive forms of life 
i^jiUy simpler than their apparently more complex desL'endants! 
Has organic evohitioji been from the simple to the cotnples or only 
from one kind of TOmpIexity to another? May it even have l>ecn 
from the comples to the simple by successive losses? of itihibiting fac¬ 
tors whicli, as they dmppearj set free qualities pi^vioiL^ly held in 
chct'kf The last of these is the startling question that the president 
of the British association propounds in his recent brilliant address at 
Melfiourne, asking us eerion^y to open onr ndntls to the inquiry^ 
Whether evolution can at all reasounbly bo ropi-e^nted as lui uii' 
packing of iin original complex which contained within itself the 
whole range of complexity wliieh living things exhibit T’ This con¬ 
ception, manifestly* is nearly akin to the theory of pangenesis and 
indii idiial development, as ehiborated especially liy De Vries and i>y 
Weismann. It inevitably recalls tilibo* if Icsss dirt^dy^ Bonnet^a vistoti 
of palingiitiesist^ which dates from the eighteenth rentury^ 

We should l>o grateful to tho^ who help ns to open our minds; 
and Prof* Bateson* is his wont, performs this diBiciult operation 
in scp large and masterly n fashion as to command our lively admira¬ 
tion. It must be said of his pictoresr]Ue and vigorous discussion that 
we are kept gue^^siiig how fur we ai^ expected to take it seriously* 
or at least l.iterallj% We have always a lurking suspicion that pos¬ 
sibly tiis main purpose may after all be to remind us, by an object 
bow far we still are from comprebendirig the nature and 
eaiise^i of evolution^ and this suspicion b strengthened by the explisrU 
statement in a subsequent address, deHvei‘ed at Sydney, that our 
knowledge of the niiture of life ia “altogether too .^lender to war- 
nmt speculation on these fundamental questions^” lUf, however, 
a^siune that we are seriously a^ked to go further and to enter the cul 
do sftc that. Prnf, Bateson so invitingly places in our way. Once 
%vithill it. evidently* ^ve are stalemated in respect to the origin and 
early history of life; but as to tliat, one form of total ignomnee b 
perbapH ns good as another, and we can still work out how the game 
hiifi tioen played, even though we can never find out huw the pieces 
were set ttp. But bns the day so soon arrived when we rriiign 
ourselves to such an ending? Are we prepared to stake so nmdi 
upon the correctness of a single hypothesis of allelomorphis^n and 
domiimnce? This iiypotbesjs—that of " presence and absence—lias 
imdoiihtedly been a potent instrument of investigation; but there are 
sonic competent Ed^udents of genetics who seem to hnil it ec|ually sim¬ 
ple to formulate and analy^ the phenomena by the use of u quite 
diffeitmt hypothesis, and one that involves no such [larudoxical con- 
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!«tiicuL'e« in iiesitect to tht imtnrt! of evolution. Arc wc not liu‘n 
invited to liti-uin at ii giitit and to ewallow a vamd i 

Btu I pns3 over the teehnicut basis of the eoticepllnn tn order to 
look more broadly nt its theoretic superstructure. Is not this, once 
ngHio. a kind of aymbolism by which the endeavor is mode to deal 
with n problem that is for the present out of our reach? Xcither 
you nor Ij I dale say, will hesitiite to maintain llint the primordial 
Ainoiba (if we mny so dub the earliest of our aucestora) embodied in 
some sense or otlier oil the potentiulitios, for better or for worse, 
that lire realized before ns at this moraeiit in the .Vnierican Associa¬ 
tion for the Advaiiccinent of ticience. Hut if we ask ourselvesexiictlv 
what We mean by this we discover olir total inability to answer in 
more intelligible teinis. 

'VVp can not, it is true,even if we would, conquer tlio temptation now 
iiiul then to spread the witigs of otir imagination in the thin atmos¬ 
phere of these upper regions; and this is no doubt an excellent tonic for 
tbecerebrutn provided we cherish no illusions as to what we are aboiit. 
Xo embryologist, for example, can help puzzling over whut I have 
culled the problem of tho microcosm; but he sliould bo perfectly well 
aware tbut m striding to picture to hie imaginatinii tiie organii;ntioQ 
of the egg, of the embryological germ, that is actually in his Uamls 
for observation and cxpcriaient, lie is perilously near to the habitat 
of the luystir and the transcendalist. The student of evolution is 
far over the fivuilier of tliat forbidden land in any pi'cseiit attack 
upon the correspon cling proVilem of the tnncrocosm, for the primor¬ 
dial Aniceba, the evolutionary germ, is inconceivably far out of our 
reach, bidden behind the veil of a pfts-t whose beginnings lie wholly 
lieyond our ben. And why. after all, slujuld we as yet attempt the 
exploration of a region which still remains so Ixirren and remote? 
Sui^ly not for the lack of accessible fieltls of genetic research that 
are fertile and varied enough to reward our best efforta, ns no one 
hns more forcibly urged or more brilliantly deuionstrnted by hia 
own example than Prof. Bateson himself, 

Perbups it would be tlie part of discretion to go no furtlier. But 
the retnarknble questions that Prof. Bateson has raised concerning 
the nature of evolution leave almost untoticlieil tho equally mo- 
mentoim problem as to what has guided its actual course, in ap¬ 
proaching luy close I shall be bold enough to lent lire a step In this 
direction, even one that w ill bring m upon the hazardous ground of 
organic adaptations and the theory of natural selection. I neerl not 
say that this subject is lieset by intricato and baflling difficulties 
which have made it a veritable lame of contention auiiiug natural¬ 
ists in ra™t yearsL In ntir attempts to meet tliem we have gone to 
some curious extremcK. On the one hajirl, some naturalists have in 
effect abnndomsl the problem, cutting the Gordian knot irith the 


IN ZOOLOGY—Wlrja>X. 


405 


cijncluaioii that tho po^fir of adaptation is soin^thing given 
orgtmizttlbn itself anti as miuh oilers n riddle that is for the present 
instjluhle. In anotlier direction wo find attempts to take th* prob¬ 
lem in dank—to restate it, to Ignore it—Eomctinies it would almost 
seem to argsie it out of exLstoinx^ 

ft has l>een urged in a reoajt valuable work—by an author, 1 
hasten to say, who folly accepts IjoiU the meehanistio philosophy 
and the principle of selectioti—^tbat fitness is a reciprcK'iil reintion» 
involving the environment no less than the organimiH This is both 
a true and a suggestive thought; but does it not leave the naturalist 
floundering Jifiiul tlie ^me old quicksands! The histt^rical problem 
with which be has to deal must he grappled »t eloser quarters. He 
is everywhere confronted with ftpecifle devices in the orgunisni that 
must have aritien long after the conditions of environment to wluch 
they an? adjusted^ Animals that live in WLiter are provirkd witli 
gills. Were this alb we could prol>jibly muddle along >vitli the notinn 
that gills are no more than lucky accidenh^;. But we enconuU^r a 
sticking point in the fact that gills nre !?o often accompimied by a 
variety of ingenious ^levico^, $iich as reservoirs. tiil>eSp valves^ pumps, 
Ktrainers. BCFiilibing brn^bes, and the likct tlmt are obviously tribu¬ 
tary to the niain fu net ion of bi't^thing. (riven w’ater, asks tlie iiat- 
uralistr lunv lias all this come Into existence and lieen joM’fecU^l? 
The (p iesiifiin is an ine vita hie product of oiir co intuon sense* The 
mctiiphysician, I tbink. Is not be who asks but he who would su]>- 
pressj it 

For all that* it Tvnnld seem that iwme persons find the very word 
ada[)taiion of too i|ue-^lonabk a reputation for mention in i>oUte 
scientiHe society. Allow me to Illustrate hy a leaf taken from my 
own notclx>ok, I once ventured to puhlisb a simdl eKperimentaL 
work on the niovemcniK of the fresh-water hydra with respect to 
light. TiVhat was my surprise to rvfceive a reproof from a friendly 
critic In^caiise 1 had not It^n content with an objective dcsi!ription 
of the movements^ but had also been oo mdi-screet as to empluisi^e 
their evident utility to the aniiuaL 1 was no doubt tixi ymiug tlien— 
1 fear I am too old now—to comprebend in what respect I bad 
tinned against the light. That was long agck I Avill cite a more 
recent e.\amplc from a public discussion on adaptation that twk 
place before the Americati xSociety of Naturalists a year or two 
since, ^^llie dominance of the concept of ndaptation/" said one 
iiatiinilist. which now dislingtiishes our science fi^ni the non- 
biological ones is rekitcil to the comparatively youtlifiil stage of 
development so far attained by biology» and not to any ol^n'cd 
eharacdei in the living objects with which we ileaL^' Here wt ulinosft 
seem to catch an echo from the ntterutices of a certain sect of self- 
styled “scientists^ who love to please themselves with the quaint 
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'"n^w, it IS undoubtedly tr«s thst inuuy i.dnptflt^u£jt to ^itfl Jrof. 
BiUeson once uiorc, are “ not m practice a very cl<^ fit- 
eve, BE Helniliolti long ago taught us, has some ilefecCfl lus an opt 
i^ifitnimcut; nevertheless, it enables us to bm >vell enough to 
«i>inc food for reflection concerning adaptations among living 
\iid it is my impression that efforts to explain adaptations are likely 
U continue tor the reason that naturalists as a body, perhaps m- 
fluenred by Hnslcy'a definition of saeno*, have an obstinate habit 

of clinging to their common sense- , , , * 

U the present daY tliere is no longer the smallcsl ilmibt of the 
outstanding fact that few complex slnmtnral adnptatioiis- 
it would probably be correct to ..ly none such^have conie mtu 
existeare at a single stroke? they have moved forward sU^ by step 
t„ the attainment of their full degree of perf^tlon. 
dominated the direction and final outwme of such advancing lines! 
tVe can not vet answer this (luestion with any degree of in^irance. 
Imu procniat'inate as we may, it must in the end squarely be f«c«l. 
\\'e have one thconr after another fonu^l hock within nuiTower 
lines or mimhling away licfore the ndvei^ fire of criticism- I udl 
not pause to recount the heavy los-^ that must he plai'cd to tiie ac- 
, „„nl of sc^xual selection, of ueo-Lninnrekistn, of orthogenasi^ 
naturalists no doubt would assign a prominent plnre in this li^t of 
coi^vialties to natural selection, but probably there are none who 
would hold that it haa been destroyed The crux lie^ m le 

degiYv of its efiicacy. Stated as an irreducible minimum, the sur 
viva! of the fit is an evident fact. Individual thnt are nnfittcil to 
Ihe or to F^^^prmlnc^ fpw or no dc&-end£ints—so much, fit lea-.t. 
miu^ he adniittci by all. But docs this colorless and trite eollcli^lon 
end the matter or adeqnately place liefore us the signifiennc^ of th^ 
fads! dust here lies the whole issue. Does destnirtioii of the unfit 
accomplish imotlier result than to mninttiin the status quo, or has it 
conditioned tlie direction of progress! Accepting the second of th^ 
alternatives, Danvin went so far as to asiign to it a lending rele 
among the conditions to which the living world owes its existing 
cnnfigiiration- Since his time the aspect of tiie problem iiiis widely 
changed. We must rule out of the qiiesthia the origin of neutral or 
iiselcAt trait*!. We must not confuse the evolution of adaptations with 
the origin of spet'ies. We must bear in mind the fact that Danvin 
often failed to dislingiiLdi Ijctwoen non-herltable Iluctuntions and 
hereditarv mutations of oiiall degree. We are now aware that nialiy 
upparciitiy new variations may l« no more tlian recombination pro<h 
uets of preexisting elements. We should no doubt make a largei 
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allowanc£ for the of SLog'k ^luckv in evolation than 

did many of the (Miplier evolutionij^ls. And yet^ as far as the essence 
of the principle is coiiceriietl^ I am bound to make confesision of my 
doubts whether any existing dbcuxsion of this problem affords mom 
food for relUctiou, even to-day^ than that contained in the sixth and 
seventh chaptem of the Origin of Species^" and elsewhere In tho 
works of Darwin- 

Undeniably them is a large measure of truth in tlie eontention that 
natural selection still belongs rather Co the philosophy than to tln^ 
s^-ienee of biologic In spite of mnny iiii]>Di’taiil esperiincntal and 
oritical studies on the subject Darwin’s conception still mousins to-day 
In the main what it was in his owu time, a thetny, a logical eon- 
structjpn, based, it is true, on a muHitude of fact^if yet still awaiting 
adcrpiate experimentnl Siinple though the principle is, its 

ncttial effect in nature is detcrjiiined by CNinditionA that are too intri- 
and operate through periods too great to be diiplicated in the 
cN{>er]mental laboratory. Hence it is that even after more than fit> 
years of Danvinisin tlie time bus not yet come for a true estimate of 
llitrwln^s proposed sfjlntioii 4t{ the groat problem. 

But there ia still another word to be said. Too often in the past 
the facile formulas of natural selection have been made use of to 
eurri' us lightly over the surface of unsiispccted depths that wotihl 
rich I}' have repaid serious exploration- In a healthy reaction from 
this purblind course we have titade It the mode to minimis Darwin^g 
theory, and no doubt a great service has been rendered to oitr study 
of this problem by the crideal and sceptical spirit of modem 
peri mental science. But there is a homely German ^^aying that im¬ 
presses upon us the need of caution as we empty out the bath lest 
pour otit the child to€‘>^ Tliis suggests that we sliould take hoed 
lest we underestimate tlie one really simple and intelligible explana¬ 
tion of organic adaptations, inadeijmate though it now^ may seem., 
that has thus far been placed in oiir hands- And In some minds—if 1 
include my ow n among them let it be set down to that indiscretion at 
which I have hlntetl—the impttission grows that our preoccupation 
with the problem as it appears at short focus tiiay in some measure 
have dimmed our vision of larger outline* that must be riewed at 
longer range; that we may have emphnsli£cd minor dilhcultles at the 
cost of a larger truth. To such miit wdll seem that the principle 
of imtural selection, while it may not provide a master key to all the 
riddles of evolution^ ^ill loom.s up o* one of the grciit contributions 
of motlem s?cience to our understanding of nature. 

I have taken but a passing glance at a vast ntid many sided sub¬ 
ject. 1 have tried to suggest that the tide of spceiilation in our 
ecience has far i*eceded: that experimental methcxls have taken their 
rightful place of importauce; that we have attained to a truer per-- 
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speetlve of piist imU present in otir study of the problems of enimel 
life- The destructiTo phase throngh whidi we have pa®ed hns thor- 
wiigldv cleared tlie ground for tlie new constructive era on which we 
now have cnteml. All the signs of the tiniEs mdicate that this em will 
long endure. .Vntl this is of good augury for a futu« of piotiucUve 
effort, guided by the melhoils of physico-chemical fleienw, impatient 
nf merely a priori constructions, of acudemie diseusdons, of hy¬ 
potheses that ran not be brought to tlie tost of es^rimcntal verifira- 
tioii. The work aliend will make exacting technical demands upon 
us, Tim pioneer days of zoology are past. Ihe natumUst of tlie 
future mvisst he thoroughly trained in the methods nod i-esiiUs of 
cliciuistrv and physics. He must prepare himself for a life of inten¬ 
sive lesraifh, of high fipcolalir.flt!oti'f hut in the future, even more 
than in the past, he will wander in vain amid tlie dnr san^ nf siieciat 
detail if the Inrgei' prehlems and general aims of his science be not 
lield efceadfastly in view. For these are the outstanding beacon lights 
of progress; and while science viewed at cW range seems always to 
grow more complex, a wider vision shows that her signal rUscoverics 
are often angularly simple. Tliis, perhaps, may help us to keep alive 
iU« spirit of tlie pioneers who led the advances of sitnplei" 
it 13 full of hope for the future. 


LINGUTSTIC ARKAS TX ET^^OPE; THETH BOUNDARIES 
AND POLITICAI. SIONIFICANCE.' 


By ]jxi?E 


(WStU n tmm color.! 

1. INTHODlTCrnON. 

Tilt- purpose of tliis pftj>er is to show that finite rvlotioii^i i^xist 
bet wet'll liogoistic Rreiis in Euro}Je nnd the geogro phy of the eun- 
til lent jind thnt application of facta deriveil from a {study of tlua 
science tti fiwiticr delimitation is valid and practicable* Tlic work 
was planned and execntctl under the direction of Connrillor Madi¬ 
son Grnrilt who hm drawn on his sttidiey of Enroiiean anthropologi* 
ami history, nfi well as on a wide knowletlge of the Eiiroi>ean con- 
tinent. to ffiipply the writer with nuraefoiis notesk besides carefully 
revising the hnnl proof and making many valuable aiiditions. It 
k regrt'tted tliat liniitations of apace have neccssitatifd refJtrieting 
presentation of a number of fundanientnl reltrtioiLs to hare state¬ 
ments of fact. This deficiency is remetlied in part by the list of 
Eoiirces given in the footnotes* The nntionalitj of authorities cited 
flhouhl lie determined prior to consultation* as divergences of views 
corresponding to c^mflicting national aims are not infrequent^ 

JFodem liistory has entered a stage in which determination of 
national boundaries is intimately connccte<l wdth distribution of 
languages. International events in the past tw^n centuries have l>fN»n 
nmrke<l by constant endeavor to provide conformity of political and 
linguistic frontiers. The progress of western Europe in this respect 
is satisfactory* The eastern ^tion of the continent contains proli- 
leras which have defiefs;! diplomatic solution. 

Linguistic ureas in common with other data of gftigraphy have 
been largely determinefl by the character of the surface covered or 

^ aeprinti-il ti-y courtesy of lh« Am^rleiail Oeo^mp^Iml Society o<f y.fv Vorle, nall<*llll Df 
tlie Atii>^nniti Oeoip'apblnLl Soffg|. 4fir IBlR. 

■■ ^yrkuDvl^Opnfiit uf lmti>H3irtaat in3Ri;e>fftlDnjF li dUc fo PrfiifiK. Fnlini^r^ Lr Corapt^, nH.il 

a«7in«iir of ¥iie CMririlty^ ■« wd] » lo iVPf* Jordsa at Cplumbl* tr^lT^ly, 
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ddimitfid. Occurrences such iis the expansion of Polish to the Car- 
path inn bnri'ier or tlie restriction of Flemish to the low land of north* 
western central Euroj>e can not be attributed to mere htiphazard. 
DeteniiinatiDit of linpiistic liounilnries, therefore* implies due recog¬ 
nition of selective iijfltieiiccs attributable to surface features* But 
tivp iiidnence of region ut>on expansion or confinenient of language 
IS far from alis^lutc* Tlie part iilaTt-J by econoiiiic factoi s will lie 
shown in the following lines to have been of prime importance. 

Considered as political boundaries, Isn^istic lines of cleavage 
have n twofold importance. They are sanctioned by national aspira- 
tiona and they conform with physical features. Every linguistic 
area considered In tluB paiM-r liears evidence of rvlntlon Iwtween Intt: 
gunge and its natural environnumt.' A basis of deliuiittitifui is there* 
fore provided by nature. Eastern extension of French to the Vo^s, 
eonfiiicmcnt of Bohcnitaii to a plateau inclosed by monntatns, iini- 
fonnitv of hmguitge in open plains and river basina, all are exatuples 
fif data providctl by gcogniphy for tbe use of statesmen engaged in 
the task of revising boundaries. 

Europe may be aptly regarded »e a vast field of settlement where 
the autiidithonous stock bus again and again been gwarotaid liy aic- 
cessivc Hows of eastern and southern imniigrants. The wanderings 
of tlieso invaders have Vjeen directed in part into cUauneU: provided 
by Eurasian structural features. Within hist4)ric times Celts have 
lieen driven weiitwiirtl by Teutons, who in tum were prcieicd in tlie 
fcanie direction by Slavs Tlie consequence is that few Frencbinen or 
liermaiLS of our day can lay claim to racial purity. As a matter of 
fact, northern France is perhaps more Teutonic than BOutbern Ger¬ 
many, while eartern Germany is in some respects more Slavic than 
Itussia. The jmlitical significance of race is, therefore, trifling. 

Nationality, however, an artificial product derived from racial 
raw material, confers distinctiveness based on history. It b the 
cultivated plant blossoming on mciul soil and fertilized by histori¬ 
cal nssociation. Language, the medium in vvbich is expressed sue- 
L-essful achievement or struggle and sorrow shared in commoii. 
therefore acquires cementing qualities. Its value as the cohesive 
power of nationality is superseded in rare instances by ideals simi¬ 
larly based on community of tradition or hope and in some eases 
of religion. Belgium and Switzerland nfiord gootl exam]lies of 
sncli exceptiotial instance^. Broadly, it may he submitted tliut the 
development of civilization in most countries hns Iwen marked by 
tlio progress of nationality, while nationality itself has been con¬ 
solidated by identity of speech, 

^ UnrulJtJi: uutiiif ftk^crtpapiinylnf ttli Uttwf ibaplil, Sn tmj bt' cim- 

eiLTfraily with jpe^ mtifln «|j46ti. 
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2. THE FTiAKCO^FLEMrsir LixGursTic pjn sxyxHt. 

The ivcsternniost eoatact betwmi Romiince rifld Teutonic lan¬ 
guages ucciirs in French Flanders and Belgiuru. Starting at a few 
nules south of [lunkirk/ the linguistic divide follows n {liructitin 
which is genemUy pai^lJel to die political boutidarj nntili at a few 
miles east of Aire, it strikes northciaat to Ilalluin^ which rezimins 
within the area of French speech* From here on to Sicken-SiiRsen, 
near the Genjiati border^ the line assumes an alnuist eJuu titntL 

This division corresponds to the jtioutitainoos and depressed 
nretis into which BelgiLim Ib divided. The upland has ever been 
the home of Frencln Walloon is but n cnoiHfied form of the oltl 
lungut d^oth^ Flcmblu on the other hand^ is a fiertimnlc latignagv 
which spread over Belgian lowiimds its naturally as the JJieder- 
(ktitsi^h dialects to which it is rclatecl liQfl mvadetl the plains of 
northerly Europe. ThU east-west line also rnarks t!ie sepai'ation of 
the tidh blonde long-sknU Flemings from the short, dark^ round- 
ektill Alpine Walloons. 

In jicirthw’estern France the language of the plain has rtendllv 
recoiled since the thirteenth century before the nplandeFs £t>©cch.' 
At that time Flemish was spoken os far ^iiith as tlic region between 
Boulogne and Aire* The Area spreading east of the Strait of I>over 
between tlie present linguistic boundary and a lino connecting these 
two citififs is now hilingtiah with French predominating. It might 
be noted here^ however, that Boulogne has l>een a city of French 
JuiLguiige since Frankish days* 

Within Belgian territory the linguistic line has sustained slight 
iiiodihcation in the eoiirBc of centiirieiv The country may be con¬ 
veniently divided into a nor the im s^ection, the tnlmhitants of which 
consider Flemish ns their vernacnlacj but who also generally know 
French, imd a southern section peopled hy French-speaking inhabit- 
nuts who adliere to tlie use of Wallcson diidects in the intimacy of 
their home life. A small area in eastern Belgiiim is peopled Iiy 
Oeriiinns.* 

Tlir figures of the last (Dec. .^1, 1910) Belgian census* show that 
the Flemish provinces are bilingiiah whereas the Walloon region is 

« <j. Snrtb. Iji PraDttdr« TJngiilstlqLiif rn [qTJH et 4iUtf I*? Sdnl (’'mbn?. Sl*a, 

canronB^a, Afflil. U, f^l. tM. «■! df Brit, 4^* ttoL 1* ful, IhOS, Rrtjs- 

«ll««; Mnp, 11 400,000 pLibUftii^d In lEKM. 

■Of. rritLii: AtwhJvLtnTiit ilrr a<iis4aMchfiD Slunpbcb In Emnipt. I ^ fi,0f>O,u00+ 

Qnmarlu iter aonmonchen PMIotagl#, Trnbn^r. yemMbunff, IWH-lfWW. aIh 011 lli^Fun 
M EiJcd9|].i. Atim LiEtrDEiHqRf Ot im Fir*Ti«, CbniaploD. Pnriif. 

■ Eafta« loc, cil. Kurib'a varb 1 j aiTtlj Oil Usponruic data; Iti mluet U an atliDo 

fraplqlc liloru^^at «quali \tm nw a coDtitHatloh to ibe dlatflbatlbo of lanErua^^f 

Jb WMtPTn Eiipopo. L. I>e BaiilEPr^ La Lannuii Haniaadr vn Emucto. ^mjn. (JUfiiL 
« N. Om^ uod GiFVijMTiiRincD i^r FrarEiix Liixi-n]' 

hmTf, neut, iMt, nsL 8^ lOOO, ppL M, 1S&. Maps ImEwitoaL 
* atatliTliiiM* de- 111 OoTrkjua, do ItUO^ v^X, a, roL lOiS^ 
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nhogtther Ftn^nch- KiioTrledg:^ of Frencli ns nn educational and 
business ret|uirenii^nl for it£^ cK^currence in Flanders* Tii? 

llnmunf^'e iiing;iingCH ilicrefore, teud^ to siii)^rsede the <Terinonic idiom 
ufl a national vernaculnr. Utter nbsencsj of Fletnisli m the Belgian 
Congo constitutes perhaps the sti'ougest evidence in favor of Freadi 
as Belgium’s national Innguage, 

l‘l»e linguistic dualism is tniceabk to the period of the Boman 
f:!i>nc|uesL. Intemuitsc at that time Isetween the Belg® dwelling south 
of the Viji Agi'ippfl imd the itomans, who were pushing steailily 
northwards^ was iniiniate. Tlie Latin of the Koman invaders, tnodi- 
tied hy the Celtic and riennanie of iho nulive populations. g«vc hirtli 
eventiHilly to the ’VVallwn of subsequent times.^ 

The Belga^ of the lowlands farther norths however, suGcessfully 
rt^isted the efforts made by the Boinans to conquer them. I'he 
mnrshe^i of their nether country and the foressU^d aiva whicli was 
tu be lidd bare by the monks of tJie middle nges constiKiteil a strong- 
liuld* ifi the shelter of which Germanic dinlectfi took root. 

At a hi ter date the gmwih of the tenipuml power of the Roman 
fliiu'cli witnessed the estflldishimrut of a numlicr of bklioprics over 
distrieU segrcgaietl irrcsjjoctive of Unguistie dilTercmccs. iVrhups 
one of the most nolable facts of Belgian hbitory is found in tliw fact 
tlmt its liiigiii^icr and political boundaries have never miiuidiHl, 
Every century is uiarked by renewal of the oge-haig clashes lietwoen 
Ihe (jermaujc and Komance races which have been tiuowu in cmi' 
tai’t along the western cud of the line of severance between the plaliifl 
of northtirn Europe and the moimtainons Muuldiind of the continenl* 

III recent years a keen struggle for prcdnmlnunet between Flem¬ 
ings and Walloons is observable in BelgiucL Ijiuiguage had bceu 
adopted as the rallying staiidai'd of ht^h parties. Aggravation of 
this feud may yet lead to secession* The Flemish ]>n>vincea might 
then ensst their political lot with the Dutch. Tlie languages spoken 
in Holland and Flaiulers aiT praetically identicid. Religious differ¬ 
ences alrme have slwd in the vvay of poUticul fusion in the past- 
I’he revolt of the Xetlierlniids from Sjiauislr nnthority hivd led ti^ 
the imlcpendeio'e of Pj*olestant provinces only, Ficmiyh princes, 
Bwayed by rollgions scruples* refused to side w ith the BriitCHtaut 
coiiiiu uni ties w hose political connect ion had iNaeu esta blished by the 
Union of I'tredit in iriT9- At present the ^vcrance of religious 
from political ksiies and the menace of absorption by Gerniauy 
may drive tlie Flemings to join tlieir close kin^uen of tlie lowlands 
on the north. A state formed by this union could Ijc u a rued tiic 
Xethcrlands in nil propriety* Its geographicfll foundation would 

^ Tbe BfLpK of Cwtmf ilr protwliljr iTepn*!M^ml«3 hy thiF Tcntonlc populAtlcuu of norlhtrn 
Abril RatiTlA nth^r Uuiti br iLc WiJIociiim. 
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l*e Walloons woald tKen natursllv revert to Frendi til- 

legitiiiee. The eohicidenee of poiitieul iind lingiubtie bann dories m 
the westertnijo^ section of centni! Europe would tliiifi become nn 
Rccomplished fwet. 

3. THK FlUXCtKIKWMAX T^INdUIiS'riO BOUNT>ART. 

In its centnil ssection tlie hmg eontnei line Ijetween Freiteli und 
fTcrmRn hiigiiJigcis coiiforais fipproxirndtelv with the [>olitiefi] line 
dividing t!ic two countries. Mcdidcidions which French friJiitierhS 
imdcrwent sinoi the treaty of Utrecht may be regarded as final ad¬ 
justments in LI prolongcil prnt^ nf atlapting political to linguistle 
i™tndftrjfis. The Napoleonic t^^riod of political disturbances brought 
libaul lifi ubfiortiisil extension of the northern tinJ eastern line. 
Between 1T03 anil IS14 almost all of the territory of Belgium iiml 
llidland wtia annexed and the eastern frontier extendt^l to the 
Bhine. Foreign populations in Holland, Fkndciii* Khenbh Prusnin, 
and die western sections of Hesse ujid Baden puissed under the ad- 
miiibtnitive control centered at Pa^^ria, But their suhjeetioji to Nii- 
jioleon’ls artificial empire was of relatively sliort duration. The (per- 
imm-speiiking people in 1813 imileil In a great cSfoit to drive tlu* 
French across the Itliine. They were merely repeating the feat of 
their ancestors;, who at a distance of eighteen centuries lia<I defeated 
(he Latin-speoking invndera of their eoimtry led by ihcBninan Varus, 
Siieccss in iHpth movements vras be!|>ed to a certain extent by miii- 
mimity of feeling b^ised on identity of language, in fl Ap D* llie 
Romaa^^ were forced back to the Rhine from the line they oecuijietl 
on the Wcser« The treaty of Vienna restumd French boiin<laries to 
the lineasi existing in 1790. French territory again reverted to the 
approximately norma] boutidariea wliicli iudo^ nieinliers of the 
French-speaking fumily. The union of I'rcnchirieri into a compact 
political bridy was shattered, howeverj by die treaty of Frankfurt in 
1871. when h'rance was obliged to cede imporlant strips of French- 
speaking UTritorics in Alsace-Lorraine to Germany, 

The part to be phiyc<l by Lorniiiic in llie history of Fmtico- 
German relations woa hiid out fay nature itself. The province has 
ahvays Unui the scat of a ivide pathway conni.’cting highly attrac- 
tivo legions of st^tlemenL It lies midway lictwWn tin? fertile pkins 
of the Rhine and the hospitable Porisian basin^ 11 is also placed 
squarely in the center of the natural route tending from Flanders 
to Burgundy, Tlie region is physically part of Franco. It has 
tliercfoix) been inhabited mainly by French-speaking inhahitunts. 
At the same t inie the lack of n natural bamer on the east fiicilitateft 
Teutijnic incumons* In particular, the Moselle Valley has favoreti 
easy access into Lorraiuo throughout historyp In the Middle Ages 


414 


EEPOBT BMIT1I80NIAK IflflS. 


ttnd iLTitil the 16th centttry the province wiie pai-t of the Empire oind 
largely ncmisin speaking. This language still persists in the eastern 
parts. The region was thus a border land disputed first by tuo 
adjoining races and subsequently by two neighboring countries- 
'fliis long period of sucoe^ive conflicts necessarily wituissscd modi- 
ficatlonB of Unguistic boundaries^ Ohincing as fur back as the 
end of the Middle Ages« ti slight westerly advance of the area of 
(Tcrtnatt speech may Lie ascertained for the period lietween tlio lOth 
and Ifitli centuries.^ From that time on, however, the rrgioiiul 
gain of Froncli has been in e^xcess of previous Gerniau advances. 
Data ohtakted from place names often alford viilunhte clues to 
earlier dktribntion of languages in this region, Oocurrenciis of the 
suffix **ange,^' which is the Frenchified form of the German ingeii/* * 
in names lying west of the present line siiow tlie extent of territory 
wluimed by t(ie French language.^ 

Alsace is the region defined by the .valley' of the TIL The wjill 
of the Vosges Mountains marks its western, timits. Its cafrterly 
extension attains the banks of the Rhine- Thia elongated plain 
ap[iears throughout history as h corridor through wliieh races of 
men marched and countermarched^ The Alpine race provided it 
with early inliabitaDts. Homans subjugated the land in the course 
of imperial colonizatioiiM The province subsequently passed under 
tjermanic and Frankish sway* Its entry into linguistic hhtoty may 
l>e reckoned from the year 8^, when the celebrated oaths of Strass- 
Imrg were exchanged in Homance and Teutonic veniaculnra by 
Charles? the Bald and L<ails the German. The alliance of tlicse 
two sovereigns agaiRsi T/>l!iair at tills time marked the beginnings 
of the German destiny of Alsace. After 9S5 iJie province bei^nie 
part of the Teutonic domain and remained Gerinan except during 
the period of French occupation which laste^l from 1681 to 1871, 

A highway of iiiigrution can not be the abode of a pui^ race. Its 
inliabiCunts necessarily represent the successive human flows by 
w4iich it has been overrun,* The jU satisn of the present doy is, 
accordingly, a product of racial mingling. But tlie blending has 
conferred distmctiveness 4 and .Msatians claiming u nationality' of 
their own find valid argiiineDt in racial antecedents no less thmi in 
gcograpliloal habitation. The red soil of their fertile plains syui- 
Ixilizos the native hind in tlieir minds as it reveals itself to percep¬ 
tion with the attribute of unity* Alsatians have responded to sudi 
un env^ironmeiit to the extent of representing a distinct group in 

^ IL Wut^ I>9.ri &|H11cfa|!xbl0l Li^tbrlaj^os uad WitiidJc|Ci4{tci,< ftc, F-ngy^ti 

lu rvn'frwb. tjtri iiiv. tL v^^ikikx, Oi iao4, pp^ 407-039. 

' L. cIB frann^Ji, Ai 3T]. ^if GAixict^, 0, IIM>^, p, 210, 

* AxLlbni^kOtilE dati for Kht Boutliwrtti'ni i^^lkin ijf AIbA» ars lD*tnirllTc+ Tbe e?d- 
«rmll6Ei of A InuaflhlQD tjp* liKirt jiBd .Mplai? ifp« Kod tba 

pwlfll " Li obiirrraUlv, Cl, lUplej^, Tlii! BActa o( Knrepe^ .VppMqd. Yortr 
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which the basal Alpine strein lia^ been permeated by strong tidmlx- 
tiires of Teutonic blood. The coiifuiion of dark and fair phj-^og- 
nondes reprcaenta the two elements in Ihe popuktioii^^ In a broiidcr 
^nse tlie AIsatjjinH ai^ identical with t!ie Swijai populntion to the 
aoutb and the I^orremers and Walloons to the north. I'he districts 
ocoupied by all these people once constituted the Middle Kingdom 
of Burgniidy. 

Alsace was n province of purely Oerman sp^ecdi until ttie entl of 
the eighteenth centurv- French tcx>k solid foothold mainly after 
tlie revolution and during tlie nineteenth century. An enlightened 
policy of tolerance townrrl the Provinces institutions cciueiited 
strong tics of friendship twtwcen llie inhabitants and their French 
rulers, Akatiun lartningB toward France were regarded with sus¬ 
picion by the viettprs of 13TL who proceedetl to pass prohibitiounry 
laws regarding the use of French in st'hool^ churches or law courts. 
These measures of German! station were attended by a notable ciiii- 
gniiion to France. In 1^71 there were 1^.517.404 inhabiUmt^ Tii 
ALsace-Lrfirraine. The number dwiudkd to 1^4&9j020 in 1S75 in 
spite of [w rent excess of births over deaths. 

Nancy by its situation xvas destined to welcome Aleutians who 
had decided to remain faithful to France. The number of inimi- 
grants it I'eccivud after the FruncivPrussian war was estimated at 
l^jOQO? Pi^iifg nojBd of wurkltiguien m the city'e growing indus¬ 
trial plants intensified this uiovenient. Alsatbn dialects were the. 
only languages heard in entire sections of the urban area. Peckpled 
by about fiOtOOO inhabitants in ISfiO, Nancy's population jumped to 
in 1870. Met;!&s on the other hand, with a populLition of 
inhabitunts in 1800* could not boast of more tlmu 45^01 fi 
citizens in 187*5. Tlie census tnkon in 1010 raised this figure to 
03^51)8 by including tlie uimsually strong garrison maintziined at 
this point- 

Tins present line of linguistic demnreatioD in AJsnce rarely coin¬ 
cides with the poiltical boundary. Conformity is observable only in 
stretches of their southemmoBt extension. East and southeast of 
Belfort, bowev'er, two areas of French speech spread into Geruitiu 
territory at Courtaron and Montreux. 

!n the elevateil southern section of the Vosges tlie line ruris from 
peak to peak ivitli u geneml tendency to proceed east of the crest 
line and to reveal conspicuous deflections in certain high valleys of 
the eastern sIo]>e. Its iri-egularity with respect to topography may 
be regnrdeil as an Indication of the fluctuation of iTLciitl sites in 
early historical timei^ 

*■ rvrticli wiitmi djliln iin luiTtneltcnHP of Ji* ppr cadI for Al'qtcv nad |bolnf 

ihmttj ^0 the prmlcnitBafi<ff' of ttir l>JUc Htnln. 

= It niaoiflinrtt Dcyi Onuadm VLIka Ppiq^aiMH* Ls 1^14^ 
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From Biiruit Kopf to alraut 10 miles beyond .Selllucht Fa.ss the 
nuMintaiaoiiK divide nnd Iiiig\iistic line coincide. Farthev north, 
hoivi'vcr. French prevaib in in tiny of the upper valleya of tlic 
AlBiiiiiin slope. This is true of the higher ^tions of the Weiss 
basin as well as the upper reHchcs of the Bmche. At a short (US'* * 
tance south of the sources of the IJepvre, parts of the \'alley of 
Markirch (8ainte*Marie oux Mines) are likewise French. Here, how¬ 
ever, the intlux of (leniuiti tnitiers who founded settlements as far 
hade as tho seventeenth oenturj' have converted the district into an 
urea linguistically rcdaiiiied hy Germans Altogether, it was esti* 
mated that in lOlO Ftonch was spoken by inhabitants of 

Alsace-lAa raine out of a total i>upu1ation of 

Two methods of indicating the presence of a French clement in 
Alaacc^Lorraino are given in the map of this region accompanying 
t his a f tide. Percentages accord i ng to ad mi n istra ti ve d lat i-iets * h a ve 
Iwrn contrasted with actual extension of French predonuiium-e.* llio 
map shows eoncorUimce of Frciitli and German authorities regarding 
the (jeniiuti chtiruder of Alsace, ns ivdl as the Fitndi nature of a 
substantial portion of Lorraine. The Phino TTulley, a natural region, 
appears tlirntighuiit as an urea of German speech. Viewed in this 
light. French claimB favoring extension of the country's western 
boiindtiry to the left bank of the Rhine deserv'c consideration only if 
groimdetl on Alsatian preference for French niitionality. They ran 
not rest on « sound geogi'sphicat foundation. 

Of JiU so-styled natural boundaries, b river perhajis Is the niufit 
imstttisfactoryA Conventional representation of its course on iHi[)er 
provides the map with black lines which on casual inspection impart 
^einUanoG of a break in regional continuity. Rca-soned examination, 
however, discloses the familarity of the lam] extending be3''ond both 
banks. Allnwant-e being made for dilferenco of elevation between tho 
upper and lower cout^ of a river, tho unit region is obvioiislv con¬ 
stituted by the eritiiei liasin. All the clata of observation reveal re¬ 
gional unity in the Valley of tho Rhine. 

The political case of .tysace-Lorraine, viewed from the linguistic 
standpoint, may be siinuned up as follows: Alsace is German. Areas 
of Frcneli in this Provinc© consist of intrusion of minor Impoilance. 
It is evident that the Vosges Mountains liave prevented expsnsion of 
I'reiieh toward the Valley of the Rhine. Lforraine, however, which 
was also German, was devoid of a natural barrier that might have 
arre.s:tcr] the spread of French. Consequently, it lias been partly re¬ 
gained by that lutigiiage. 

»Thfr SttlMinmB’ii Yvarbaok. IDIi. p. 83*. 

».Vftfr tbe liOvgua«» autp of Alirtot-LarrmlD* lo Xoaroe'i IliiUliintn, PL mb « 1 . 

* AUer omlolr mop. pi. *, roL a, Ann. a« Ofo«r.. iimm. 

*f.ort Coraon. pfontlcn. The tIonoaH l^tuna, CUreadon pfCOa, Oxford. ItHfl, 
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Bejond Alsacdt French nnd Ciermim trii'tt wlonfj a line which ex¬ 
tends iirrn^ western Swh^ territory to the Italian frontier^ Its 
present eotirsc hm been tLinintaintrd since tho fifteenth centnn"*^ ttsj- 
plitinitig' nt I,iucellcs 
the line crosses the 
Jura Mountains 


west of Salnthiirn^ 

Luke Xenchatel is 
siirroiiaded on all 
sides except the 
northeast by 
French - speaJcing 
commnn i ties* The 
western nnd sou th¬ 
em shores of I^ike 
iforat are likewise 
F rciich. F rihoiirg^ 
a city in which the 
strug^fi for hrignis- 
tic supremacy is 
atrenuaiiSj lies at 
the edge of French- 
spcakmg terrilory% 

The line becomes 
better dehned in 
the upper Valley of 
tho Hhone^ where 
it coincides Avitli 
the divide betwesvn 
tho Val d'Auni- 
vier^ mid the Tiirt- 
mann TlmL The 
o.7nstriictiori of the 
Simplon Tunnel 
appears to have 
been the cause of 
an extension of 
French mitnence in 
egion and ra- 

Oerninn ftfiTii the Morge Valley to the east of Sierre lies 
memory of living nativea^ 


I-'IO. 1,—Tbd bmmhr^ b«tir«UI Itwxh Uhl G«tiiua In etrlWdAOiL 
Sci 4 ii, 
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The firigin of JinguLitic tLilFdrcJjcvjj in SwiUprland iiiiiy lie traced 
to the early history of the country. At llie time of Cit'sar's cotutuests, 
Helvettn, then ptKipIed by Celtit, lieratne subjected to Uome's impei’inl 
rule. Lnter, during the period of ijis'iision!;), the llelvetifins were 
conquered by the iJurgundkns, a Gerttuinic tribe, who settled in the 
western part of the cotintry. A fusion of tlie two peoples! followed 
this conquest. Tlia Celtic and Latin looguages then prevoilitig guva 
birth to French, which beemno ossenGally the speech of the Jura 
bighlandem German, on the other hand, is a relic of Teutonic in¬ 
vasions in eastern and centra.1 Hwitxerlnnd. In the sixth century the 
AJemanni ttxjh advantage of the wbiihoning of the liurgimdii*^ '"l.S’ 
(Jom to spread beyond the Aar ajid overrun the attracti^s lake dia- 
trich By the eleventh century they had succeeded in imposing their 
language on the native pcqjuljjtjon of the Kriimiirg and Valais coun- 
try. Keligious struggles beginning in the fifteenth century and niain- 
tairicd to the seventeenth century, furthered the westerly advance of 
the Germans. 

Tlift history of Switzerland shows pertinently tliat, at bottom, hm- 
guage docs not always suffice to constitute nationality. Diversity of 
language has not impaired Switzerland’s existence as a sovereign 
nation. Racial lack of nnily in its population has likewise failed to 
weaken notional feeling, Tlie indoiaitable detorniination of Sw iss to 
protect the liberal institutions and the religion around which tlielr 
national life revoIvtKl luis iintintamed their mdeijendcace through¬ 
out the couise of rentiirics, 

4. THE ARE.V I'F CiEItiUN SPEECH. 

The area of Gcrnnin speet^h is interposed 1wtween the territories 
of SlavTO and Romance languages, Xiederdeutad) or PlattileuUich, 
tlie language of the plain, is restricted to the extensive nortiicm 
towbinda. Dialects s}ioken in Westphalia, Holstein, Mecklenburg, 
Brandenburg, and Prussia enter into its cotnpositioiu The wealth 
of words in this tongue seems to indite to tliat ease of life on tho 
plain favoretl greater development of thought. Relative etenUty 
of the vocabulary derived from Hionntainoiis sections of central and 
southern Germany is brouglit out by contrast. 

Obenleutsch is the German of the highland. It comprises the 
Bavarian, Swabian, iind Alenianiuc dialects of Bavaria, Wurtemberg, 
and Baden. Its adoption as the literary Inngnage of all German- 
speaking people became wel I established in the Middle Ages. Lu tlier’a 
translation of the Bible, w riiten in a cumbmalion of Upper end Mid¬ 
dle Gennan, contributed no mean share in the diffusion of the Inn- 
giiage. Printed German also followed this form. Its use has been 
favored by Germany s tnn&t noted w^riters since the seventeenth cen¬ 
tury. it is fast becoming the language of the educated classes. Its 
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•U^niinntiou hy the uf^ney of sclioots end newapapen; tends to 
cHiiivert ii event tin lly Into tlie emiy idiotn tiiut vilJ stn^'ive within 
tiennun 

The tmnsition from tlie northern piiiiii of Germnuy to high cent ml 
regions is ropresontcd on. the snr ful's by a jsone of inter mod iati* up- 
Ijitids in Saxony, Ihnsiitia, und Siiosm. This urea is ulso vlmractcri^d 
linginiftically by u tmtisitionnl form of speech between Kiederdentsch 
ntid (tijencleutsch.^ TJie greater siniilarity, however* of this intcr- 
niediute language to Olierdeiitsch is oiiservulilo to the sanio extent 
that the rising land over wiiieh it is distribuUHl presents greater 
iinalof^ to the mountainous region toward which it tends. The 
transitional dialects inchule Prankish, Heiinebergian, and Saxon, 
’i hey occur in the middle Hhinoland, Ilessc, Thuringia, and Saxony. 

Outside tills central mass of Gennans living in (Jennany and Aus¬ 
tria, tlie langtinge prevails in the Baltic Provinces of Kussui, where 
ProtestantiHiii is sdrongly establLshed, This regjim was ktunvn us the 
German Pronnets up to ISTfi, In that year substitution of Russian 
to tJeman inaugurated Russification of the iii'cii by the Government 
(!oIonies of Germans are also found In southwestem Hussia from the 
hciidwflUsrs to the mouth of the Dniester. The vulley of this river us 
well as that of the Dnieiwi- was ]ienp1<Hl hy ridasants whu einigi ated 
froui IVurtfiioherg, Saxony, iind SwiLiteriand ilnring the reign of 
Oatlmrine the Grcnt Many of the settlements still hear Oeiman 
names. The pre.^nco of Teutons in this part of Russia is devoid, 
however, of politico! significance. 


n. TliE BOUNTlAItY. 


Wk of conforniity between political and linguistic boimdarics 
along the D^ish-tierman frontier has caused ceaseless strife between 
the two nationalities. Denmnrk’a hold on ScIdeswig-HolsteLti prior 
to 1866 bad engendered bitter feeling among Germans who con- 
sidered tlie subjection of their kirisnicn settled on the right bank of 
the Elbe tetuary as unoatiiraL After Prussia had annexed the con- 
tOAted region it was the Danes' turn to feel dissatisfied and to claim 
the districts occupied by their countrymen. 

The present Danlah-speabing popuiation of Schleswig-Holstein is 
variously estimated at between 140,000 and 150,000. Tliese subjecti 
of the Kaiser occupy the territoiy south of the Danish boundary to a 
jine^formed by the western section of the Locker An, the southern 
border of the swampy region extending south of Rena and the north- 
em extension of the Angeln Hills. Between this line and the area in 
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which GcrmaD is spoken a zone of the old Frisian tongiie of Holland 
survives along the we^’tern coast of the poniitsula, Fririun b uImi 
spoken in the coastal ishinds. 

The degree to which lingui^ic variations mljipfc thcnieelvc^ to ph}"^- 
leal configuration b admirably illnstmted in this case by the south¬ 
erly extension td Danisih along ilie eo-Ktcrii swtion of the penin* 
BUla where pcnsistcnce of the Baltic riilgc appears m the liilly nature 



fta* a,—Sk»EdS map rf Stilwf#tjt-ng|jt*ln bnfiucM Ep^n, .iACdn^tHtf i «tlu Diuateh tUfw- 

ipalpL, la llfliatwlftl Taifa Jift dmomand 


of the lim^. Tlie ^icclcrdeutsch of the loiijr Rnltic plain utso con- 
tinned to sprciid unimpeded within tho low-lying westeni portion 
of the h»rrv)w penin^Ia until its northerly espaiiMou was arrested 
by uninhabited heath land* 'fhe presence of Frisian along the wt>st- 
em conjjt is imdonbtedly connected with the adaptability of Frisians 
to srtiUle in hnul areas reclaimed from the sea. 

Tiir Pronnoc of Schleswig bepan to acquire historical prominenoc 
na au ludeiamdent Duchy in tlie twelfth century. Barring few inter- 
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ruptions its union witii tbe Dituiati Crown ka^been continuous to the 
timo of the Pruiisinii conquest In IfrIS both tJcUk’swip and Holstein 
weto disturbed bj* o Wave of political agitation, which' expressed itself 
ill demands for the joint incorponition of both States in the Oeriima 
('onfederation. Tlte extent to wJiich the mass of the Pan{i<]i inhali- 



utJSdU^^.IlolaulB Dliiiwiii«tpufctt. ActdrriingtoUia<]«ra»a vJaw. 

fHjjiH. bgiii., l;%^QO,«XK (JVoHd OD acipM oti pp. 5U 6tli acLJ 


itants of die Duchies took part in this tnovement is oiien to historical 
controversy. Holstein was an ancient fief of the old Gerinano>lioinan 
Etuptre. Its population has always been largely German, But the 
Duchy of Sehlr^wig is peopled mainly by Danes. By the terms ‘ of the 
Treaty of Prague, of August 33,18ti6. both Austria and Prussia had 


ilu EmjHTKiT Anitrla tmtUfeiB 1«i Qla 

^al) l^ntwr. ia4H oDcr ttif UilchlH of IIoUtilD and ftclUwnrlg. witfa ttwi ^fldlOon tbai 
ta^polatlon* or tbi Xornaera £itj«lTkIi of Bchlmritf ihall b« livdecl to ItenmiifK If hr 
a (t« rot^ tlwr •IPI^ ■ WUh to be united to PfiHMliL E. Qectlet, Tto Uep of 
Europe br Treity, Wl, a, ^ JT£2, Unltennrtbi, Ltudi^ji, ISTil, V W1 
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lo submit Biuti decision on Uic qiiesstion of udtionniily to pop¬ 
ular vote. The provisiuns of the clause dealing’ with the referendum, 
liowe'4'er, were hot carried out, and on January 1% I8lt7, Schleswig 
was cleBiiitely annexed by Pi’UBsiii,* * 

Incorporation of the Danish Province was followed by syst emn tic 
attempts to Germanize the popuJutioo.^ thruugli the agency of 
churches and schools. In addition, a number of coloniiintton st*ci- 
eties, such as the “iVnsiedelnngs Vereiti fur das westliche Kurd- 
Schleswig,’’ founded at Hiidding in 1391,* and tlie “ Deutsche Verein 
fiir das nordliche Schleswig,” were formed to introduce German 
OwncrJiip of land in Daiiisli districts. Tlie final years of Ihc uine- 
teentli century in particular constituted n period of strained feeling 
between Ehtnes and Gernmns, owing to unsettled conditioua brought 
about by duality of kiigungo and tradition. 

At present the problem of Schleswig is considered settled by the 
German Goveiiiiiient. A treaty signed on Jan miry 11,1907, between 
tlie cahuiets of Berlin and Copenhagen ckfined the status of llie 
inbubitatiU of the annexed duchj*. The problem of the ‘^Heimat- 
lose,” or citizens without n country,* was solved by recognition 
of tile riglit of clioice of nationality on tbeir imrt, Tho German 
GoveiTiiuent considered this measure as satisfying the aspirations 
of its subjects of Daiimli birth. Kevertheress, the actjniesccnce of 
Danes living in Gcrumny lo any solution other than the ail^ption 
of linguistic boundaries os frontiers Itetween Denmark and Ger¬ 
many mimlns doubtful. The standpoint of speech gives evitleiiro 
of the thorougiily Dsnisli character of northern Sejilcswig, The 
Boiitheni part of this Provincse, together with the whole of Holsteui, 
is undoubtedly German. 

& THE ITAI.O-t3KRSLV.\’ UOUNDAHT. 

Tlie southern boundary of Gertnatiic speech abuts against Italian 
from Sn itaorland* to the Garinthlan ITillsL Along this contact zone 
a notable Intniinon of the Ttomank tongue within the Austrian 
political line is observable in the Tyrol, This foreign aiva Jacks 
homogeneity, however, for it is Italian imoper in westent Tyrol arid 
I.iadin in its eastern eaten.rioii. 

> A Mevt tmtr aJiitirrS tip AiutrCH xind iif on rupf. 11 1570 

ttin Ti}-t¥md\^jn cliBw, wblgb bad mivtr bfwn wllb faror bj tb« fSo - 
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* l„ Uanatla. Iw. Ht, p, End, 
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The southerly adviu)ce of rrermim in tlic mountainous prox-ince 
has folloxvcd the x'lillcyB of the Etsch and Kisack, slioxving thereby 
that the channels throneh iJvhieh mountain waters fiowexl toward 
the Adriatic also fndlitateii transit of goods and the lungimge of 
the tnnlcrs from tiie Oernian higfhlands of central Europe to the 
Metiitemuieun. A steady current of freight has been maintained 
in a southerly course along this route since the origins of continental 
commerce in Europe. By the Aliddle Ages numerous colonies of 
fiernian merchants had acquired solid footing along the much- 
trax'eled road over the Brenner PusSf which cormected. Augsherg and 
Vonicft,* * 


This protuberance of German ocenpies the valley of the Etsch 
south of its confluence with the Eisaeln Tlje divide between the 
two languages has its westertimoat reach at Stelvio, near Trufoi.* 
The junction of Swiss and Austrian political boundaries at this 
point correspoiiib to the contact between the German of the Tyrol 
nnd the Romonah idioms of Eugadine, Thence the linguistic lino 
of separation skirts the base of the Ortler massif and subsequently 
coincides with tho watershed of the Etsch and Noee Rivers, Uidin 
scUleinents begin north of the Fleinis \ idley’ and sprejid beyond the 
Groden Basin to Pontebba and Malborghct, where the meeting of 
Europe’s three most important linguistic stocks, the Romanic, Ger^ 
maruc, and Slavic, occurs. 

The Italian s^tion of the Tyrtd constitutes the Trentino of pre^ 
ent'day Italian irredentists. ^Vs early as T7i Charlcmagtie’s division 
of the region between the Kingdoms of Bavaria and of Italy had 
implied i^ognition of linguistic variations. But the imiJortance of 
maintflining Gennan control over natural lines of access to southern 
seas determined his successors to award tem|>oral rights in the eouth- 
casterti Alps to bishops upon wbo$c adiierience to Germanic interests 
reliance could 1>c placed. The bishopric of Trentino thus passed 
under the Teutonic ephere of influence, which is preserved to-day by 
the political tudon of the territory of the old see to the Austrian 
Empire. Dt^fiuite annexation of the Trentino to the Province of 
Tyrol took place in 1815. 

In its eventful Idstoty during the present millennium the Tyro! 
Las been the cockpit of Germano-Romanoe clashes. A lively trade 
competition between German and Italian traders has ever been main¬ 
tained within its l)order& During the erji of religious upheavals 
the Germans rallied to the cause of reformation, while the Italian 
element remaiued faitliful to the authority of the Vatican. Contact 


lfSof‘1 liCvtalTP du rnmmrTKv dd llDtidi', |Vp. Flod, Pirlv l^L 
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witli the Teutonic element appjears to have faitetl, however, to eradi- 
cftU* or mtKlify the Italian character of the region's institutions or 
its UfeJ In this respect the colossal statue of Dante in front of the 
main miiway station in the city of Trent symholizes faitlifully llio 
aspirations of Lite majority of the inhabitaEits of the Trentiiio, 

T. THE ITAEO BOUXDAUY. 


The Adrialie provinces of the Aniitro-Ilungnrian Empire are 
people^! mainly by Italian^ ami Slavs. German and Hungarian 
elements in the population consist of civil und mil it ary nfHciale a-H 
well as of merchants. From an ethnological and linguistic stand¬ 
point the maritime district is Italian or Slav according to its eleva¬ 
tion. The Romanic stock forma the piedmont populations, while the 
dwellers t>f the hUlr cemst chains arc of Slavic issite and speech. 

Tlie w^tern coast of the latrinn Peninsula ia an area of Ttalian 
speech. The vemaculttr of Dante is^ however, feebly represented 
in the Dalmatian Islands and on the Illyrian coast.^ It is generally 
con lined to urban centers. Zara, Spalato, Seiicjii<JOj Ragnsa^ and 
Cattaro® contain Eoiirisliing colonies of Italians, w‘ho«?e secnlmr com¬ 
mercial enterprise has eontributed lo establisli pi'cvalence, if nut 
predominancej of their mother tongue in the region. Outside of 
these cities the Italian element wherever presjent is restricted to 
littoral strips. The Slav's invariably occupy the inland plateau and 
the extending seaward. 

The l^trian region of prednminant Italian Speech consists of the 
western peninsular lowdand extending ^uth of Triest* to tlio tip of 
the promonton' bej*odd Pola/ Istrians^ to whom Italian is a ver¬ 
nacular^ form over a third of the peninsulars population- The 
SIb^-s of the Karst and terraced sections constituting the balance 
belong to tlie Roninji Catholic faiths btit have no other common 
bond with their Italian countryincn. 

iScttleinent by Slavs of the hilb dominating the Adriatic appears 
to have taken place continnousty between the ninth and seventeenth 
centnrii^. Feudal ehtefs of medieval times first respited to this 
metlnxl of developing the unouliLvated ^lofics and Uighluncls of the 
eaateni ctiast* The Venetian republic and the Austrian govern- 
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m^Jit adopted similar mi'UJ^tea of colonization. Slavic tribes hard 
pressed bv their kiiisitieri or by Tatare from the east thus found 
refuge in the inoimtiiinous Dalmatian ooustlatid under ttie n?gi3 of 
western naiions. A traveler taking ship lo-diiv and sailing froiii 
liarlx)r to harbor along the shorc^t of the eastern Adriatic could 
readily notice ntimerieal predoniitiancc of the descendants of Slava;, 
ivlio, for tlint section of Uie Avorld, eonfitkiite the nni^ of toilers 
in every walk of life and who aooner or Inter will probably erect 
a political fabric on die foundation of their linguistic preponderance. 

a THE AHtLl OF FINNISH SPEECH. 

The eastern half of the European land maps contains a region 
of excessive linguistic intermingling^ along the contact lione of the 
Gemmnic and Slavic races. The Finns occupying the northern- 
mmt seclion of this elongated belt are linguistically allied to the 
Turki. Physioallj they constitute the proto-Teutonic stibstmtum 
of the nortliem Itussiana, with whom they have l>ren merged. 
Their land wsis transferred from Sweden to Ktis^ia in ISOS. Aik 
tonomy conceded by tho Czar^s Government until reminded by the 
lmt)crial decree of February 15^ 1899, provided the iuhabiiiuit^ with 
a tolerable politieul status. The opening 3^eai's of the pr^ut cen¬ 
tury marked the inception of a policy of Slavidzation prosecuted 
with extreme vigor on the pari of the pronncial administrators. 

Tile area of Finubh speech forms a compact mas® extending 
south of the sixty-ninth parallel to the Baltic shores- Its complete 
access to the sea is barred by two coastal strips in the Gulfs of 
Bothnia and B^tnlund^ in botli of which Swedish predominates in 
varj^ing percentages.* Tlie group of the Aland Islands, nkhtmgh 
included in the CzaPa dominions* are also peopled by Swedes all 
the win' to the southwestern point of Finland*^ 

This brfjkcn fringe of Swedish Le conceded to bo a relic of the 
early oceupiidon of Finland by Swedes,' The Bothnian strip is 
remarkably pure in composition. The band extending on the north¬ 
ern sliore of the Gulf of Finland, however* eciutains enclaves of tlie 
Finnish element. This is ascTibod to an artificial process of ^ J’ennU 
fication ” resulting from tlie introiluctfon of cheap labor in the in¬ 
dustrial regions of southern Finland. Slower economic develop¬ 
ment of the Provinces of the western coa^* on the other hand, tends 
to maintjiiii tmdjstiirbed segregation of the population, 

* n. Sab^TTtp Vert^n-Jtnnc la l i O^A.tlOO. nemmlns, OIaiphi. 

= Alias df* FLitIcLDdff, mtIj IU Btic. dc n*Dfir. ije Flatting*, n^EiiilD^^r%. Sail, 

■ K, B. w^Utiuml, saribni I flelIuiK iftso-taflo. Tniw. i(W^, % prp, 132-1 la. 

* H. Snan-o, R4|iarUtl{H] aes LiitipTifli, Femili]:, ao, ^ laio-lDUp Soc. de GiksCT, du Ffa.. 
[IftlakaffEcrh lail. 
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South nf die Baltic Lhe unbroken lixpausc now peopleil by Ger^ 
mans merges insensibly into the western scrtion <jf the grezit Ku^ian 
plain. Tim estensise lowland h featureJesa and provides no natn- 
ral barrienj betw een the two empires it eonnecta. Tlie area of Polish 
speech alone intervenes a$ a butfer product of the basin, nf the 
middle Viatiiln. Tlic region h a silt^oTered low Ian which has 
emerged to light subsequently to the desiccation of n system of gla¬ 
cial lakes of recent gcologiettl age. It appears io havebuen inhabited 
by the same bniiirli of the Slavic race since the beriming of the 
Clirislhin era* It was tlie open coimtry in which dearth of food and 
the consequent induc?enient to migration did not c-^ist. The develop¬ 
ment of Poland rests primarily on thla phyaactil foundation. Added 
ad vantages of go^^d land and water communication wiUi the i-est of 
the continent likewise contributed powerfully to tlie spread of 
Polish power^ whicli at one time extended from the Baltic sliores to 
the coast of the Black Sea. 

Tlie langiiage is current at present within u quadrilateral, I he 
angles of which are determiiiad by the Jiiblunkii pas^ in the Car- 
patliians^ Zirbe on the "Warthru Sitw'alki in the eastern ilasurian 
region and Sun ok on the San. A iioitbern esU^nsion h a ponded 
to this linguistic region in the form of a narrow band which de¬ 
taches Itself from the main mass above Bromberg and reaches the 
BiiUio coast west of Danzig. In snnit from Uic Carpathians to the 
Baltic, the valley of the Vistula constitutes both the cnidk and the 
blossoming field of Polish humanity and its institutions. In spite 
of tlie remoUmesj of the period of ibcir occupation of the land, 
these ehiitiren of the plains never attempted to scale mountoinons 
slopes. The solid waM of the western Carpathimis Ix^tween Jfll> 
lunka and Sanok;, with its abrupt slopes faring the nortlu forma the 
gouihern boundary of the country. 

Til is unit region in the midst of the diversity of the surface of 
the Eiiropcfin continent has produced ii unit hingnage in tlie varied 
fitfick of European vernaculars* Uniformity of speech was thus the 
reHiilt of the tmifying inlluence of a region chnraeterizcd by a 
cominon physical asiiecL Nevertheless, similarity of physical type 
among ail indiviJuuls speaking Polish docs not eJtisb ^f!lrkcd 
mitliropological flifTcrencos lire found between tlie Poles of Russian 
Poland liiid of Gulicia.^ They correspond to the classification of 
northern Slavs into two main groups, the nnilheminost of which 
comprises the Polcii of Ru.ssinti Poland, together with White and 

1 J. TKlko^nrrnc^TJrti, fj«ti rolDcirtlfl lin aoji-ituioe ^^v d'Kprtii Eloisnff}* inthm- 

fKil^glqqc* fTpcttitllUiMi Jtipijy'A UnL tnt. Chwkh'Ith rUsMi rtsu Sc 

ct NmL llnl, Kntn Jnlti. imH, tij?. 574-^32. 
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Greittt Tracey of Fiimisli mtermixture can still be tle- 

tectiKJ among: them, in spito of the process of Slavicmition wtiich 
thtT hare undergone- Ttte i’oles of Galicia^ on the other hand, like 
the KiitbeniaJis Jind Little Eussisni^ reveal crnssitig of autochtbon- 
oua i>opulations with Asiatic and Mongoloid invaders of Europe.^ 

The sontheaKtern extremity of the language attains the sources 
of the Moravka. an afiluent of tlie Oiftrawien. In this district the 
line of demarcation between Buthenintis and Poles passes tlifotigh 
Tarnograd and along tlie Son Valley. Its anthem extension 
skirts the footliilfa through Bymanow, Diiklar Zmignid^ Gorlica^ 
and Gribow,* Thence to iTabJunka it tnergC-S with the political 
boundary. 

In it 4 S westeni section die physicjil boundary coincidea for aU 
pmetical purposes with the ethnographic line of division. The 
Polbdi-speaking Gondes mountaineers have never aspired to crom 
the divide of tlie Beskid ^£€iuntain& The result is that the gentler 
slopes of the southern side are peopled altogether by Slovaks, wdnie 
habit and cnstam have prevented tlio Podhalians or Polish j^lieplwfds 
inhabiting the liigJt valley of tlic Ttttra from leading their flwks to 
the southern grazing slopes which form part of the Hting^irian 
domain.* 

Clianges in Uie ospt'et of the land resulting from linnuin activity 
provide an easily ol^rvable l>niindary between the territory in¬ 
habited by Poles and that occupied by Hutbenians. The first* 
proceeding from the Vistula lowland^ are now ottered over a 
territory in which deforcEtation and large art?as of GUed soil be¬ 
speak prolonged human occupancy of the kiid. The latter, eoniing 
from the Pontic step|>es, reached the Car|jathian slopes much later 
til a II tbtdr western neiglibora* Consequently, only 20 per cent of tliu 
surfaci of the wcfilem Caqsuthiaiis is now availuble as prairie and 
p?istui-c kndi whereas the percvntagr of grazing land in the esistcm 

* S^Uthem FnEuLil va» ^Tfiruu by Vnnjsif^ElBap durlni; tWr thl«f InvuriDii nf l':nprtr^. 

nt AhIiUci wm a£UE:kc^ urjkt on Marcb 3fl^ Vl4l, ad armj of 

hh^o IcBiB tlAaCoEnlr moA CrmraWn Tlfct of the Chriftlana ^no!»lnl tbn in- 

trad^T^ t* rItittJsr Id I tar cEty. tHHliini o-piinHir the Trtj for InCttRlCiafl farther anfffe Id 

fJH. of wh[£h thtfy ppttrtmlfitl Into SUMia hj wfly nf Ratlbvr auai ttUUrhud towurd 

Near IJrifalta an armj of ^C.OOO warn dAfealed aj^alia uq ApK 0 Of 

Ihr r«*V Tfiwm ainanrrra werp fnSl^^iwi^ br a weaterlx »pmul of tlie Tatar oftiUWr* 

Trnairtmf 111 luaMia^ ran atilt btt dateeted ainniift 1^3^ 

i'disff eonatJldta I he majaTUx In the pupujation at maox elli^ in H^iera or Una- 
ahjJ HallrSa. In XMprTe'a Ua| McimxTaa. tJHiiD, 3^b<n-, pfr^jal, llawa^ 

rA<l. ftdi. 3ki]l!;li»#+ Orodek, I'eahadmi-, S^rrJp Kaiditi, Staatala^nff. KgIOehjiu Tarmniwl, 
Aizilxii, UEinaca, Solwl, aD4 Tmmhowla art wEtti i>V«r 00 |H!r i:4±at ro)t^ Id their 

PpnLatloa. Ob the cither haod^ the prraod»liuQiw of o^nnaa Ja the clfle* Of lUala, 
pctetuic, l>QUna. llDieebow, Kadaorna, fCown^rw* Katj. Zahtofow, atiil RtpAy \m ftitrltint^a 
bx iJle aulhRlItX 1^ jewlal] element pment. ti. Nlnlrrle^ Ia fl^Cir A] ran. 

r*ar1a, lUlt. A aiKeflt In IsiafUakl of hU cwnrlualohi nUI h& fr uml to A tin. Hcti, HmltriE. 
mn. WaKhiBston, laiL ap- 

* E. ricciiii, G^ix. UaiT.* v&i t^ropc Ceatraie. nteEwna^ 1870. p- noa 
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sectioD of the mountftm chain is twice as high.^ TIib arai of plowwi 
land in the westem region covers between 40 and 50 ijer cent of 
the surface. In {be east it barely varies Ijet^reen 5 and 10 [lor cent. 
.\gnIo, the Polish section is practically dear of the forests which 
cover in contrast from SO to 00 per cent of tlie ertstcrti CarpatUipus. 
fiimihir difFerences cun be noted in the valleys up to an altitude of 
about j3;^00 feet, Witliin tiiem the proportion of plowed land con- 
stitntes 8S per «nt of the surface in the Polish sectiom In the 
Hutbeniuii areas they do not escecd 15 per cent 
On the wuthwestern Imrder die line attains the Oder in tlie deinity 
of Bciliuinin. Here a »uiml>er of localities in the Tea lien country pre 
claimed alike bj BolicmiaJis and Ptdos. The increasing use of Ihiliih 
and (iermun, however, tends to involiclato the duiins of Dohemiane.* * 
A transition zone between Bohemiau luid Polisli exists hero and is 
chars etcrized by a local dialect of mixed langmtge. 

The western linguistic boundary of Poland extends tln-ough the 
Gcmian Proniiccs of Silesia and Posen. Here u gradual replace¬ 
ment of the language by Uennau since tlie sixtccntli century is no¬ 
ticeable. At that til lie the Oder constituted the dividing line. As 
late as 1790 Uie populatiiiil of Breslau was largely Polish. To-day 
over 75 per cent of the Iidtabitants of tlm city and of ueighborjiig 
towns and villages are (Jemians. Tlie district noith tmd south con¬ 
stitutes in fact an area of linguistic reclamation. The westernmost 
extension of PolLsh occurs in Posen at the base of the provincial 
projection into Braudenhurg. .cHoiind Bomst the percentage of 
Polish inhabitants is ns high as 75 per cent. The line extonik north¬ 
ward through Beiitsehen to Bimhnum, after which it nfaumea a 
northeasterly direction. In apite of this western extension, however, 
the area of Polish speech within German lioundai'tes is ‘bre^en in 
niimoruus places by German enclaves of varying size.* \ 

In western Prussia the Poles form linguistic islands in the Gurman 
masa and attain Baltic shores, where they occupy the entire western 
coast of the Gulf of Danzig. From Oliva and Danzig the line 
Citciids to Dirschau iTezew) ami crosses the VUtuIa about 6 miles 
below this city. It then strikes east to Altniark. whence it turns 
southward toward Marienwerder (Kwidzyn) and Graudens! (t^rnd- 
ziad/). Proceeding due east from lierc tlie boundary passes through 
Eyku, Osterode, the eoiithern territory of the Masurian hikes ami 

* E, Enqurw! n[iiuitlqii« de Polcip}«+ Ft«l, dp la Twiitl. ife' 

vfiL in. JiiDE, JJflU, p. 

• Zeniiiifjc^k, IhnitKlir um] io $#UiT<'ich.t(ictiuii ^utlvtpaliLndrni, IlPuL Erdc. \ 

2p 1^ 1-4. 

l*niTLin: H^blralcn, ac^Dd^riffirte 

+ Ik 1 Kit Ihrat. Ln|f^, JtHWl-j N^HlJCFlaftLiJ.ti!iirlLftrtfr dcr PnjiTiia. C)iltQmuaQ.ar 1J ^iuO^OiKJ. 

Hulidii^TfcArt^ Nfti 1 la D^iiL JErds, lUOi. -v ^ . 
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OH Into Russian tern tor}' until Snwalki is reached* The eastern 
frontier he^gins at this point and is pmlon^il southwanh accartling 
to Slav jitilJjorities. tlirongli Aitgustow^ Bielostock. Surash, Bielak, 
SiLTiuikiif and Knisnostaw,^ 

The struggle for pmlojninanoo lasttveen Poles and Ccrinaii^ along 
Pfitand’'5 western tanindury is folly nUn? centuries old- In the sixth 
eentniy Slavonio trll>es had Iwcome widely distributed hetween tile 
Oder and Elbe in the roni^ of westerly expansions which (correspond 
In soutli and west oiigi'atioos of Teutonic peaplesw^ The beginning 
of the present millennium witnessed the inception of a slow and 
powerful Germanic drive directed U^wa^d the east. Repeated Cfer- 
man aggressions bi*ought aljK^ut the earliest union of all Polish 
tribes into one nation at the Ijeginning of the eleventh century* It 
proved; however, of little avail before the. fighting prowess of the 
knights of the Teutonic Order who^* by the first half of the thirteenth 
century^ had succeeded in adding all Wend terrikuy to Teutonie 
dominions. This early and northern phase of the Drang mich 
Ofiton ^ hmijght tlie CTornians to the coast of the Gulf of Finland- 
Tlieir a{]Vance was rendered [jtii^ibk in part by tlie piesenco of 
liitflT hordes menacing soiiihern BohiniL Teiitotiie progress was 
also facilitated by tlie conditjon of defenselessness which clmmcter- 
Istes an open plain. Belw^eeti the Oder and the Yistiik the slightly 
undulating lowland is continimns and devniil of barriei'S to com¬ 
munication which tire interposition of upliflod or iminhabituble 
stretches of territory might have provided- 

Polish history has been alTected both fnivorahly and adversely by 
this lack i>f natural bulwarks. The one-time extensiou of Polish 
sovereignty to the coasts of the Baltic and Black Seus or to within 
50 miles of BiTlin and the centra] plateau of Russia was a re-suit of 
ea^- travel in a plain. This advantage was more than offset by the 
erident facility with whtcfi alien races were able to swarm hack into 
the vast. Featureless expanse fonning Polish territory. Tfie very 
difiniemberment of the country is in part the result of the inability 
of the Poles to resort to the protectiuu of a natural faiiress, where a 
^tand against oppressing foes might have liccn made. 

Poland’s easterly expansion, with prolonged and fimslly dis¬ 
astrous conflict with Riis^iia, began after the battle of Grunwald in 
1110. Although the Poles then inflicted a decisive defeat on the 
Gvrtiian hnighta, the wc^ern Provinces they had lost could not be 
regained. In thia cad:cni field the basin of the Dnieper merged 
without abrupt tninsltiori into that of the Vistula, just as llio basin 

T loc- el(-r P- ijf, XL RajslHch IV)l«iir #ltf, r«'lvnnBni]:ii Uin., 

ftil, SO, IdM, p. 257. 

^A« C. Uadiknii The Wahdi'rlhffl of r-dOpk-ii. ITiilreniftT Cabtbrlilji?, Ii>l2, p. 4S, 
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of the Oder on ibe west bnJ foimeti tbe western r<Tntmnrttlon of 
the Baltic pJain. Four centuries of struggle with Uussia ensued^ 
until the Muscovite Empire aK^tjrbed the greatest iKirtiou of Poland. 

Tlie tjemian element is slowly spreading eastward ttiruughoiit 
the eastern provinces of Pnis&ia which once formed part of the 
Kingdom of Poland. The eniignitiuu of Poles to central and west- 
rm trennsiiiy partly areoimta for the Gernmn gain-^ From the larger 
cities of eastern Germany, and more especially frisni Posen. Brum- 
berg, Gnci^H and Dan5?;ig, steady flows of etiii|i^atits conlijiiially 
wend their way toward the industrial centers nf the w'est, where 
they find higher wages atid generally improved ecoimmic conditions. 
The Germnn fTOVemment favors^ this cX|iatriatinn of its Slav sub¬ 
jects* None of the vexations to TFluch the Poles are subj^Ncted by 
Governnirnt officials in their native plains are tolerated in the 
Kliine Provinces of the Empire. The result is that notalde colonics 
uf Poles Itflve sprung up in the vicinity of industrial centers like 
l3flaseldorf or Arnsberg, in tlie Miuister district and Uie Phine 
Prorim^ From a racial stand [joint these Poles are practically 
indistingnhdiable from tin? Nordic tyjie of Teuton. Their presence 
in Khoniah l^russin and ^\'estphalia is no menace to rrennan unity- 
They are so easily assjiniljiteil that the second gerLCiati^iii, speaking 
German alone, forgets its antecedenta and ijecoines submerged in the 
mass of ilia ruitive population- 81 av seLtk-nients jtre partteularly 
niiiiieronEi and dense along the Rhine^Heme Canal Iwtwecn Duishurg 
and Dortnuind-^ llie heavy preponderance of P<4os in certain ad- 
niinistrative divbions of eastern Germany has- ncvertlieles.^ Iwn 
unimpaired by the Poliah emigration. Their percentage in the cir¬ 
cles ” (Kreise) of Odolanow% Kosclan, Ostrsjestow, Posen, Psscezynskj 
niesie, and Skwiem^n still exceeds @0 per cent of the total popula¬ 
tion. In the proinnce of Posen the German-speafcLng inlmbitants 
still are in the minority. 

Tlie Poles seattored in the c-nstem section of Gertnany constitute 
the largest furcign-spcaklng element in tlio Etupirca popuhition- 
Their number is estimated at 3,450,000 by Nicderle. German censtia 
returns for IPOO g^vc 3,0fiG,4Sft* It must be noted here that the jjcr- 
rentage of Jews in German Poland h high- particularly in the urban 
ureas, and that ilic praetk^ of census takers is to elas^fy them with 
the Germim or F^olb^b population according to their vertiaciilar* In 
Eusiiii tlio hist available census figures reveal the existence 

of IJ2674!^4 Jews^ dlssetniniitcd in ttie Polish prqvinres. This rep¬ 
resents 13.48 |ier cent of the population of Rnsaian Poland. Here, 

^ K. nif PdIpel Jq 3rJ^errbel|ltB«lt.friiatfails4;t| ItnldPlrfc^beielrlt lOaS. 

ri, lu in I^ut. Kr4t, Tf5l. IPII, 

^ S. TfisTBlUii^, rrmLi? c ILtf05n*re^r^at KtxL6ral de Jk papulnliun de I*Enpitl? df Sfl IlnwBlB 
10OT. T^la. J 4Uad i, PeXro^^ 190C. 
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fls elsewhere, they are rarely enguj^l in ngricultural pui-<niits, but 
show tendency to inv^uk prosperous towjis and eitioa.* 

Tn addition to tlrastic cdiicationnl measures compelling study of 
their hiuguage) the Germans iuive resoi'ted to wholcsuk buying of 
Polish estates in the sectiotis of the kingrlnm of Polnnd which fell 
to the lot of Prussia when the country was partitioned. A colonliiti- 
tion law (AnsiedelungsgeseU), deciisd on April 20, L8fi0, placed 
largo funds at the disposal of the Geiman govemment for the piir* 
chase of land owned hy Poles aiiii the estahlishment of colonies of 
Gorman settlors.^ The nieasure was jirtiiieial and proved valueless 
iigatnst economjf; fonditionti prevailing in tlie regions airecteil. A 
decease in the [jerwritagte of the Polish population of the estates 
acquired by purchase was rarely brought about. The new settlers 
could rarely compete with the natives. The most tangible ivjsuli 
consistcil of a mere subi>titiition of German for Polish owncrsliip. 
The mass of laborers and defjendents on most of the large estates 
remained Poles, os they had been prior to liic transaction. The 
brunch between Poles and Gcnnaiis was widened in part by the 
change of masters. Ncvertliclos^ although returns corresponding to 
the sum of effort and money csiwnded were not obtained, tho meas¬ 
ure has contribuUHl to the advEinre of Tetttonism in northeastern 
Europe,* 

From the eoid. pressure corresponding to Teutonic buttering, 
although exerted with less intensity, is applied by Russian endeavor 
to create national homogeneity- Gf all the diiferent members of 
the widespread Slavic race the Poles and Kiissluns are the most 
closely related by siaeeck But the affinity emb here. The formid- 
tible barrier of religious diiTerenecs hampers fusion of the two nation- 
aiities, C iiugiit Ijetweeu tho ??lflivic Immmer of Russiijii orthodoxy 
and the anvil of Teutonic reformation, the Poles have iiiimsiiifiil 
staunch Catholics. Creed in this case haa played a considerable part 
in the preservation of national spirit. 

Tlie problem nf delimiting Polish national boundaries is compli- 
cnte<l on the eart and west by the absence of prominent surface 
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features. The lines of linguistic parting can not be i-mphnsizcd auQ 
ai'C apt to be unBlable. This dreitmjstoiice (ietrects f rom ihcir politi¬ 
cal value. 

10. THK ARKAK OF BOHEMIAN ANU SLf'VAKIAN Si’KKCIL 

The Bohemiftus, who with the MomTians constitute Slavdom's 
£uroi>caA vanguard, occupy the uiountaiB-girt plateau of Bohemia 
in the very heart of Europe. Here the steady advance of Teutons 
bus preventeil expanwou of th«s?e Slavs along the valleys providing 
them with lines of easy communication with the rest of the contin^t. 
Eoliemians and Moravians thus found themselves bottled up inside 
the mountainous rim of their land by the Germans of Cxermfiny and 

of Austria. ^ , , ■ 

Tlia Geriiian ring surrounding Bohemia is composed of sections 
representing various types of the Teutonic family. The south¬ 
western element represents tlie Bavarian settlers from which it is 
descended. Farmers and woodsmen were introduced into the 
iSohiuerwald as an inevitable phase of the exploitation of the moon- 
tainuus area by religious communities of the I3tli century. The end 
of tlie Tliirty Years' War was marked by a new influx of Oerjiuuis 
needed t« repopulate the Sorely devastatctl Bohemian districts. The 
Bavarian element, however, never reached the foot of the eastern 
sloiies. Idodem Bohemian resistance to its spread toward the pla¬ 
teau persists unlUnehingly. 

The Eregehirge uplift is ti nennan ethnographic wincjUfjst. For 
conturiea its mineral wealth has attractwl artisans from Franconia, 
Thuringia and Sosony. The mountaui slopea resound to-day to 
the sound of the dialects of these ancient etnmtriea The Saxon 
element prevails particularly among the inhabitants of the Elbe 
valley. 

Farther cast, descendants of natives of Lusatta and Silesia still 
use the vernacular of their nnoestors in the uplauil formed by the 
Iser and Blesen ranges. Tlie voUeys of these moimtainB yield tt 
steady stream of Genua n-speaking inlmbitanta who wend tlieir way 
toward the industrial towns of the southern plain. The German 
woriiingnuuis competition with his Bohemian fellow-laborer is keen, 
however, in this district and has not been marked by notable ad¬ 
vance of the Teutonic irtioni. 

Linguiatically the Bohemians and Moravians form a unit heiruned 
in by Germans on all sides except the cast, where they abut against 
their Slovak kimquen. Commimity of natioanl aspirations is gen¬ 
erally ascribed to these tliree Slavic groups, in which the Bohemian Is 
the leading ekiuent. Tlu* unioa has been fostereil by the lack of a 
literary laiigimge umung Moravians with the consequent adoption 
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qf RohemiaD forms of style in writing. The numerical inferiorltv* of 
the Slovaks' found strength in this alliance. 

Tlie Rohemiun linguistic area presents liomogeheity of composition 
which is seldom encountered in other parts of Austria-Hungary. 
Intcrmiugling of Slav ami Teuton elements has been slight in this 
atlrancetl strip of Slavdom. Overlap of German occurs in banded 
stretches generally painllel to the political divide It b particu¬ 
larly noticeable in tlse eastern angle fanned by tlie jutiction of the 
Bohmerwald and ErzgcbugCr where it almost attatns the town of 
PiJsen.* Beyond in a northerly direction the volcanic area dmrac- 
teriMfcl by thermal springs} ties within the German line. Rdchen- 
the strenuous center of Teutonism. maintnins easterly and 
westerly prongs of German in the Iser-itiusen uplifts and the Elbe 
Valley, respectively. The German of Silesia spreads mtu Moravia 
along the ZwiUaii-Olmiitz-K’eu Titschen line. 

A short fftretcli of the sonthem linguistic area coincides with 
tJio political frontier in the ndghborhootl of Tans, but the balance 
of the sonthern Bohmerwald overlooking Bohemian lovek k German 
in spcetdi from its ci'cst^ to the ?Jone iii %vhich widening of the valleva 
becomes establislie<l. The disappearance of tlik mountainous chain 
in soutliem Moravia coincides with a southerly extension of Bo- 
heininn in the valley of the March. Contact with .Slovak dialects 
begins in the Beskid area, 

Celts, Teutons, and Slavs have occupied in turn the Boiicmian 
I^enge. The nppdiation of Czeeijs first appears in tlie flih century. 
Xational oonsolidation begins with the country^ coiiverdon to 
Ciristittnity three luitidrcd years later and is maintained with vary¬ 
ing fortunes until 1G20. Bahcmian political freedom sulfcrL'd anni¬ 
hilation in that year on the battlefield of tbe While Mounbiin- 
After this defeat tlie land and its inhabitants lapsed into a .state of 
historical lethargy. Half a ceutiuy ago Bohemian was almost cx- 
tm<4. Fortunately, tlie high cultural attainment of gome modem 
Bohemians succeeded in rousing their countrymen to a sense of 
natiotial feeling. In particular, the fire of Bohemian patriotism 
has been kept alive by literary activity. 

^ Successful attempts on the part of llungarians to assimitatu the 
Slovaks have ca^d these mountaineers to turn to their Bohemian 
kinsmen for assistance in the preservation of race and tradition* 
Merging of national aspirations has been facilitated by cloee liij- 
guisite affinity. A Bohemian-Slovak body consisting of 3,410,098 
individuals* thus came into being within the Dual Monarchy in 

^ OHIrlAl Awt^trlAn nxnm rftbdlU tbn homlwr of HlATukK mt illjgtitlf 3.000,000. 
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ofdei* to maintam rcsistaticc iigninsl Gurdion and Iliingariiirv eo* 
croacimients; 

The Slovaks arc mountain dwellers who hnvo but slightly fra- 
teraized with EobeimajiB nod MornvionBf fvotw'itliistiiii<lijig close nicifll 
and linpiislic nfiiiiUy. The course of centuries failed to cbatige 
their customs or the iiio^le of life led in the western Carputliiniii 
The tlungnrinn plnin unfolded itself below tlietr rocky bahitation 
without tempting them to forsiike the sochisiou of their native 
valleys. Tlieir langiiiige holds its own a.s far cost as the Laborec 
Valley. Junction with Polisli is eifected in the Tatra. 

11. THIS A HE A OF nUSGAUlAX ftPEECO. 

The presence in Europe of Ilimgnrians, n i-ace hearing strfmg 
linguistic and physical affinity to Turbi tribesmen, is perhaps beat 
explained by tlie piolific harvests yielded by the broad valleys of 
the Danube "and Tlieiss. Huns, Avars, Hunagors, ntid Magyars, one 
and all Asiatics, wandering into EiirojW successively, were enticed 
into abandonniont of nomadism by the fertility of the boimdless 
Alfbld. Western influences took solid root among these descend¬ 
ants of eastern ancestors after tlieir convemon to CatlioUcisiu and 
the adoption of the Latin alphabet. So strongly did they become 
permeated hy tlie spirit of occidoatiil clvilizntion that the menace of 
alisoqition by the Turks, their own kimwnen, was rendered almr- 
tive whenever the Sultanas hordes made successful advances to¬ 
ward Vienna, At the same lime fusion with the Germans was 
prevented by the oriental origin of the race. Tlie foundation of a 
sepHrate European nation was thus laid in the Hungarian plains. 

The linguistic boundary between Ilimgarian and German is 
found in the eastern extremity of the Austrian ^VJps.* The south¬ 
ern side of the Danube Valley Ijotween Pressburg and Raab is Ger¬ 
man. Magyar spreads, however, to the north to meet the Slovak 
area. The line then crossea the upper valleys cjf the Eaab and attains 
the Drave, which forms the linguistic l»undary between Croatian 
and Himgnrian. East of the Theisa contact with the Rumanian of 
Tnuisvivania begins in the vicinity of Arad on th® Jlaros River 
and extends northward in an irregular line, hugging the western 
outlines of the Transylvania Alps, and attaining the sources of the 
Theifs, In the northeastern valley of this river Hungarian and 
Ruthenian language areas licconie contiguous. 

Tho area of Magyar speech ihim defined lacks homogeneity in its 
westeiTi section lying west of the Danube, where important enclaves 
of Germans are solidly entrenched. The central portion of the 
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monotonons arise unfolding itself betiNWii the Daniilie anil the 
Thebsf, on the other kniid^ is diaracterisfied by nnifonnitj of the 
llungariim population it supports, Enel&Tes exist again all along 
the eastern bonier of this area. 

A riiiiiijr group of Hungariiiu^i have settled on the eastern edge 
of the Tninsylvanin Alountuin^ Tliey live imrmundcd by Eumim- 
ians on all ekleB except on the wesf, where a lone outpo^Jt of SaXiOiH 
brings Teutonic and spei^cli to the e:ist. The luime of 

Sssekfer, meaning frontier gtianLsnieti, applied to this body of 
^^agylll'bi;J bi Indleotive of their origin. Their ]nrtisenee on tlic heights 
overkmkjng the niimnnian plnin besjii'aks tlie liolicitude of Hun- 
gniian soveresgns to control a site on T.vhich the natural bulwark 
doiuinntiog their plains had lan^n niisciL Tlies^e Ifagyars repreaetit 
at present the hintled gentry of Tnmsylvania, 

This ITungarian colony was in full developnient nt the end of the 
thirteenth century. lU sold id's distinguished thdnselves during the 
period of war with the Turks. Prestigo aCHfuirctl on the battlefield 
Btreugtlieiied the se|i:inkte and setni-iiideiJcndent exislenee of the 
eoramiinity. The region oceupied by these llungarinns is situated 
along the eustemmqj^t border of the Austro-11nngerian Empire. 
Tlie towiL^ of *Schihs 5 luirg and ifaros Vasarhely lie on ila wc^item 
bonier^ But the area of Huiiianiiin speech situated l^idween the 
lund of the 8zekler and the main nungariiin district is studded w ith 
iiuinerous colonics? of JIugyars, thereby rendering tie!imitation of a 
hngtiistic boundary in the region aiming inipo$£i)tiie. 

The Saxon colony adjoining the Szekler area on the west Ls also a 
relic of tnetlieval strategic necessities. In spite of the name by 
which this German settlement is designated, its original member 
apiwiir to have licen nscniitcd from different scctiutis uf western 
European regtons occupied by Teutons.' ColoniJ^ation hfid already 
Ixien started when King Gesa II nf Hungary gave it a fresh hii> 
pulse in the middle of the twelfth century by inducing peasants 
of the middle Ehinc and Sloselle Talleys to "forsake ^rvitude in 
their native villages in return for land ownership in Transylvania.^ 

To promote the efficiency of tfic soldier colonists as frontier guards¬ 
men an unusual degree of political latitude was accorded them. In 
time their deputies sat in the Ilimgarian diet on terms of equality 
with representatives of tlte nobility. Tlie e.xigancie 3 of prolongcel 
warfare with the Tatar populations attempting to force entrance 
into the Iliingiirian plains determined selection of Htmtegical sites 

i r, TfUlidi, raff Ar1 fler 6pt at^bt-nhar^pr 9flcbw-rk. Fort, t drut a. 
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as nuclei of original BcttlcjncnU!. These facte are responsihle for the 
survival of the Teutonic groups in the nurtst of RuniuniaiM and 
Ifimgarians. To^ay the so’Cailed Saxon area does not constitute a 
»nglc group, but conasts of separate agglomerations clustered In the 
vicinity of the pusses and defiles which their anee^ors were milled 
itjjon to defend. The upper valley of the OItu ami its mountain 
aiRuents in the rccteugle enclosed between the towns of Ilei-mann- 
stadt, Fogaras, ilcdiusch, and .Schfisshnrg contain at present Uie bulk 
of this Atistrian colony of Gcnnan ancestry. 

12. TilK AltKA OF KII1IAXL\X SPKIilOU. 

The Ocrnuins and Himfrariaiis w'ho founded i^ettleinents on tiio 
Tmiisylvnnion plateau were unable t<* impose their language on the 
iuhahftants of the niountainoiiB region. Riimnninn, representing the 
easternmost expansion of T^itin speech, is in use tjxlny on the greats 
est portion of this liighJancJ,^ as well us in the fertile valleys and 
plnliis surrounding it between the Dniester and the Dnntibo. A imr- 
lion of lliingnry and the Tlu^siun Province of Ucasarabiii is llierefore 
included in this linguistic unit otitsidoof the Kingdom of Kumiinia,® 
Ltevond the limits of this coDtiniioits area tlio only iniijortiiiit colony 
of Kumaniuns is found nroimd Metsovo in Greece, where, in the re^ 
cesses of the Pindua Mountnins and surrounded Iiy the Greeks, 
Allianians, and Bulgarians of the plains, almost 1mlf a million 
Rumanians* have managed to maintain the predominant Ijitin char¬ 
acter of Uusir language.* 

The survival of Latin in an easlera land and in a form which 
pirsentscloser analogies ndth the language of the Roinnn periotl than 
with any of its vvcfitcni derivatives had its origin in the Roman con¬ 
quest of Dacia in the (iret decade of the second century. Ot'cuiuition 
of Iho laud by important Ixidiea of legionaries and a luwt of civil 
aduiinistralora, their intermarriage with the natives, the advantages 
conferred by Roman citiacaship, all ctaiibined to force Latin into 
current uae, When in 2TS Aurelian recallefl Roitian troops from the 
eastern Provinces of ibe Empire, the vemucular of Rome liad taken 
such solid root in Dacia that its extirpation had become «n Im¬ 
possibility. 
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This ttbancloiiinfifit of tlio t^$:gion liy the Ttomoti!} is invoked for 
jHilitieitl nrnEOOB by the ]il»g}*ar ridel's of Tnnisylvania in order to 
<leny the nittotditlioiiotis cbcimeter of Kumimion natives of this Hun* 
Haristi Province. Itnnuintan liistoriiiHSr however, have been able to 
demonstrate tiie imtcnability of thie assumption.* Clues offered by 
geography also tend to validate Itumanian etainis. 

From tlic valley of tlie Dniester to the bosb of the Theiss the 
steppes of southern Tlilssia spread in unvorj.'in|v nniformity, save 
where tliu talileland of the Transylvanian Aljra breaks their conti* 
3^^'? entire region was the Dacia colonized by the liomans.* 
Lnily of life in this home of Rumanian nationalitv lias been un¬ 
affected by the sliarp physical divereity afforded by the enclossure of 
moiintam and plain wdthin the saiiie linguistic boutuluiy. Tlie 
thorp Ugliness with which Itutnnniaus have adajitcd themselves to the 
peciilaritics of their land is ovinml liy tlie combination of the twin 
o<-CHpations of herder and hiisbamlniaj] followed by iloldainons and 
U allachiana, Cattle niitl flocks are led every su mme r to the rich 
grazing lands of the devoted Transylvanian vallevEL In winter mno 
and beast reek the pastures of the Daniibian steppes and prairies. 
Riimaiijuns thus maintaiii mountain and plain resjdences, which 
they occupy alternately in tlie yean* T}j«« semsonal mignitions 
ttcxoiint for the intimacy bt:tween highlanders and lowltinders, lie- 
Bides affording adcfpiate csplanation of the ireopUng of the region 
by n single nationality.* 

■Hiere was^ a time, however, when Ruinaninn nationality Itccuiue 
entirely conffned to the mountain zone. The invasions w-hich fol¬ 
lowed the retirement of the Romans had driven Rumanians i« the 
shelter of the Tinn^dvanian rengea. Pcrelu-d on this miturel for- 
tn^ they l»hd.l the irruption of Slava and Tatare in the broad 
vatleys which they had once held in undLspiited sway. Only after 
tfie flow of southeastem migrations had abatetf did they venture to 
KW'cupy the plains and resume their agricultural p'lirsuits and 
seasonal wanderings. 


The outatonding facts in there liisiorical ricUwitiidos is that the 
mountain saved the Latin charncter of Riimaninn s})eecli. Had the 
Roinantzed Dacians lieen nnable to find refuge in the Transyt- 
lanitin Alp® there is no doubt that they would have succumbed 
to .Slavic or Tatar absorption. .Vs it is, the life of Rumanians m 
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stronglv imprepciatctl with i^asleiTi influences- Oddly enmigh^ 
ChriFtianity was derived from By^utitUiia instead of from Home, 
ami were it not for a veritable renatssunvc of LatlniEm idwiMt 180U 
Its Biflinity with the Slavic world would liave been far strong ifi 
the present century, 

la. THt-l ARK A nr slovknk spickoh. 

Of the two groups of semthem Slavs siib]eeted to Aiustm-Hiiii- 
gariuti rule the Slovenes are niimericalli' inferior.^ Settled on the 
calcareous platiMtua of Carniola, they duster around Laibnch anti 
attain iho area of (Icraiati spoech, an the north, along tUe Druve 
between Marburg and Klagenfurt^" Eastward they march with 
Hungarians and the Serbo-Croat group of southern Slavs. Their 
fionthem lingui^ic bounda ry abo eoinciiles wi th tlie la Ltcr^s* A round 
Goltschcts, however, a zone of German intervenes Iwtwcen Slovene 
and Croatian dialects. Practically the entire eastern co£kst of the 
Gulf of Triest lies in the area of Slovene speech. The group there- 
hy acquires the advantage of direct aceeag to the scu^ n fact of no 
mean hnportanee among the causey lhat contribute to its survival 
to the present day in spite of being snrrounde<l by Gcniifiinaf Hun- 
gariam> Croats^ and Italians. 

The Slovenes may be considered as laggi'trib of the Slavics migra- 
tiotib that followed Avar invasioiis. They would probably have 
occupied ibe fertile plains of the Hungarian “Mesopotamia" bad 
they not been driven to tbeir eleviited buma by the pressure of 
Magyar and Turkish advances. Confineniant in the upland pin¬ 
vented fusion with the successive occupants of the ea^em plains 
which unfolded themselves Iwlow their mountain hiibitationSi Ra- 
ciftt didinetivencss characterized by language no less than by liJghly 
developed attachment to tradition resulted from this aiate of 
secluricm. 


14 . THK .arkA OP 8 EnE^A^■ SPEKCO. 


South of the Hungarian and Slovene linguistic zones the Austro- 
Hungarian rlomain comprises a portion of the area of Serhlnti 
epeecln The language predominatts from the Adriatic coast to 
the Drave and Hiorava Rivers, as well as up to the section of the 
Danube comprised between its points; of confluence ivith these two 
rivers.* Sarbian, in fact, extends slightly east of the Morava Valley 
toward the Balkan slopes Iving north of the Timok River, where 
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Sujuanjjin pruYuib as tha iimgUBga of this uplaJitl,* To the south 
contfict AllMaiiiii is obtsined. 

Tim area of tSorhiaa speet-h thus delmuLecI indudos the intie- 
pcoUent kingdoms of Jlontiuegro and tSeriiia, Witlnn the territoiy 
of the Dual Moiiardiy it is spoken in the prorloees of Croatia, 
Slaronia, Bosnia, I lorzegovina, and Dalmatia. The language is, 
therefore, essentially that of the region of uplift which connects the 
Alps and the Balkans or which intervenes between the Iliingariaii 
plain and the Adriatic. 

Union between the inhahitants of this linguistic area Lj some* 
what Liuiipered by the division of ScrGlanE into thnm religions 
groups. The westernmost Serbs, who are also known as Croats, 
adhere to the Homan Catholic faith in common with all their kins¬ 
men, the western Slavs. Followers of this group are rarely met cast 
of the 10th meridian. A ilobammil^n body consisting of descend¬ 
ants of Serbs who had era braced Islam after the Turkish conquest 
iwdiotes around .Sarajevo as a center. The bulk of .Serbians belong, 
however, to the Greek orthodox ehiirch. Cultural analogies be¬ 
tween the Mohammedan and orthodos groups are numerous. Both 
use the Russian alphabet, whereas the Croats have adopted Latin 
letters in their written language. 

The ^rbian group made its appeuLrance in the Balkan Peninsula 
ttt the time of the general westerly lulvance of Slavs in the dfth and 
sLxth ceotiiries. .A northwestern contingent, wandering along rite 
river valleys learling to the eastern Alpine foreland, settled in tho 
regions now known aa Croutia and Slavonia. Hero the sea and 
inland w a ter con provided natural communication with western 

Europe. Evolution of tlds northwestern body of Serbians into the 
Croatians of our day was facilitated by the iiitiltrntion of western 
ideas. But the grciit body of Serbians occupying the mountainons 
area inuuediately to the south had their foreign intercourse neces¬ 
sarily confined to eafttem avenues of communication. They there¬ 
fore became permeated with an eastern civilization in whieh Bv- 
itHtvtino straim tan be easily detected. Id spite of these cultural 
liiveigenoes, the ling^iistic differentiation of the Croat from .Serbian 
element has been slight. 

To-day the polil^cal aspirations of this compact mass of Serbians 
are centered around the independent kingdom of Serbia, which is 
regarded as tho nucleus around wliich a greater Serbia comprising 
all the Serbian-speaking Inhabitants of the Balkan Peninsula will 
grow. This Serbo-Croatian element is estimated to comprise at least 
10,300,000 individuals.* 
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By il:^ aituatioat iht Serbs an lingubtk area and the rugged land 
over wliidi it spreads afford a political and phjisieal link hereby 
connection between problems pertaining .rEsx3ectivelj to western 
Europe and tlie Balkan peninsula is established. The process of 
na tion"forging undeiiaken by Serbion-speabmg inhabitants of south¬ 
eastern Europe induces a southerly gravitaiion, of Crontians and 
Bosnians. Li opposition to this teudencyj artificial forces are ex¬ 
erted at Vienna in order to prevent detaebjnent of the Serbian 
element in the Dual Sfomirchy* 

ICL THE CASE aiACt'tMlNf AN. 

'VVitliin tlie Balkan Peninsula linguistic gToupj|i|!^ now conform 
to a large extent with the political dii'isions Avhich ended the wars 
of 1912-lX Greater distance in time will undoubtedly afford an 
increasingly satisfactory perspective of the results whicli folhiited 
this attempt to totally eliminate the Turk from mastery over thia 
portion of the European continent. ICacial sifting followed close 
on teiTitorial readjustments. Turks from all [laitaa of the former 
Turkisli Provinces tninsferrcd their hinds to Cbrifitian residents and 
eu I Ignited to Asia Minor. Special anangements for this exodus 
Were provided by tbo Tiirkish governmenL Greeks settled in the 
newly acqulrctl Bulgarian aod Serbian domain similarly sought new 
homes within tlic boundaries of the Ilellenic kingdoni. A lieftTi 7 
flow of Bnlgarian emigrants is at present directed to Bnlgariur from 
Bulgarian-speaking territory allotted to Serbia.^ 

Pressing timl of further boundary revision on the bads of lan¬ 
guage is still felt in the Balkan peninsula. Resumption of bos- 
tilidcs in this part of Enro]>e was due principally to tJic moot 
case of the nationality of the Slav's of Macedonia. Serbs anil Bul¬ 
gurs chdm them alike as their own. In reality the Macedonians 
constitute a transition people between the two. Tbe land they 
occupy is surrounded by a moimtainona bulwark which assumes 
crescentic shape as it spreads oJoug die Balkan ranges, and the 
mountains of Albania and the Piudu^ For centuries thU Mace- 
daninii plain has constittrted the cockpit of a struggle waged for 
linguistic supremacy on the part of Bulgariaiis and Serbs, The 
land had formed part of the domain of each of the two countries 
in the heyday of their national life. To this fact the present duality 
of claim mn^t be ascribed in part. 

The language of the Macedoaians ig likewise transitional between 
5?erbiaii and Bulgarian. Its affinity wldi die latter^ however, is 

■ Sneh mlrrallolif I»iiehI 9I7 Ttar rTfientnc AlMtiaUfl Into 

]>«ich Ecrrltorj from the jear ISTa on luhj bwn Jxurntli^inMl La IIh pln» nbnvi*. A Inn^ 
humber of Dtnpv their hitmr, la 3 ch]«rwtir-tfolAlclh ta tfin- 

ih^rHS latu DvmHarX 
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^ater. It is, in f«c^ sufficiently pronounced to hnve geuemllT led 
to its mdusion with Bulganan. Trovdere in the Und S the Miice* 
domsn islevs faiow tbnt a knowledee of Bulgarian will obviate’ diffi- 
™lties due to jgno^noe of the coiintrj-s vernacular. Serbia^ bow- 
IS not as readily intelligible to the nntivr. 

The^ relations have not ilJogically weighted the consensus of 
nothonty on the Itulgarinn dde. The ranlt ia that compiler of 
Wr!?r ““Pa liave generally abstained fratn dif- 

arcs,- The im¬ 
possibility for Bulganons to regard tlie terms of the tx&itv of 

Bu^^t as final ore, therefore, obvious. Eiteosion of the Bumaniim 

™ ^“wh 1 B an encr^achmr 

on soil nhere Bulganon was tJie predominant Isinffuace* 

tiV l^n' delimitation of a Bul^rian linguis¬ 

tic boundaty is greatly hampered by the relatively Irge SerSan- 
spenking elenii-nt ^ the north and a corresponding mass of Greeku 
on the stHith. Hdiabk staiiatics are still iinavuilabk. The region 
dLTi”'' ‘ ‘^^t^rmination of Biilgariim or Serbian linguistic pre- 
doimnnnco assumes its moat complicated phase is foSid in ^tba 
lundrangic eonstittUed by Piit>t-Xifih-Vrenja-Prisroiid Ifere the 

inTSkn Bulgarian 

howove? lies 

mt7e ^ r^T’lP'T"' appears to be 

lit«o room to doubt that the area of Biilgonan spreSTvtcn^ 

Gntf ^ fT Albanian dialects and that it attains the 

Gulf of balonica. But the seafaring population of Ihr ptilo 

ai ^ Greek except in the sections within BuIgaHan hn^d- 
unre which are now destitute of Greek Eshermen 

m advance of Ten tonic and Bulgarian forces in Serlda and 

spre^l of'ir”^ ^ w tinier of 1P1.>-16 has resulted in a westerly 
spread of the terntoiy occupied by Bulgarians. Dt^iaion or, ^ 

^nmmenre of this occupation will rest with the peace cotignffia to 
cornede at the end of the present Eiirofwan war. ^ 

15. THE AUliLV. ALBAJfTA^’ SPUECH. 

Outsiclp of Mfitedot 3 ja^ u Biilkan ^oDe^ in whicfi Doliticwl unA u 

^incjtle. e.vi 8 led until recently in southera 

iJin I i T'** principality with OrcLe had Wn 

^xteodud into a region in which Ciree k was undoubtedly spoken by 

Cfcwr, lA. lOOS, pp. II.V13C. ElhlKwniWlli. ,1,. !• a„». a, 

r.i,T,«K> la s,..u. «. a. a. 
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the majority of the inhabitiuits.* The Hcllemc goverament, taking 
fldvftiiioge of disturbiuicos in Albunia and the Europwii war of 
1914, despatched troops in the temtory dnitued by its citu^B. ^ 
a result of this inm-don the Albanian area of Greek speech la nt this 
writing under Greek luilitary oecupotion.* - i , 

The inhabitants of Albania are utterly devoid of national feel* 
hig. The formation of iJiis indepcntlent state was a political move 
imdcrtuken by Austrian statesmen to prevent expansion of Serbia to 
the Adriatic* Within the boundaries determined by the iimbassa- 
dorial conference held in London in 1913, slrifo and dissendons pre¬ 
vail to-dav us intcMdr as during the Turkish ivginie. Jiotircs of 
the northern sections of the country speak Scrbimi dial^ts and &re 
inriiiied to favor union with Serbia or llontcncgto rather ^an m^- 
nendence, Slallssori tribesmen fought side by stde w-ith Monte¬ 
negrin troops In the full of IDH, while the Albania^ of Ipek gave 
aslstanre to Turkidi regulars. The inhabitants of the valley of the 
upper hloraVB sent supplies to Serbian troops against which the 
chieftaina of central Albania led their men. The purest ty^ of 
xVlbaniaii found in tho vidni^ of Elbassan, Kori^, i^d Aylona 
is prnctieallv submerged in a sea of Greeks- Lnder tjie^ eirenm- 
stances partition of the country between Greece and Serbia might 
not bo inoompatiblo with natuc aspirations. Departure frrmi Im- 
guistlc differentiation in this cose would probably be attended by 
political stability wbicb could not be provided in any other manner, 

17. CONCLrSIPNS. 

Certain inferences engage attention in tbisrtudy of huj^tic area& 
Inspection of the map of Europe prepared for this art ice siig,wrts 
rtrikingly that zones of linguistic contact were inevitably dusted by 
their verv location to become meeting places for men iipeaking different 
lunguagea. Tliey correspond to the areas of circulation defined by 
Rattel * The confuaoii of languti^ on their site is in dmost every 
instance the result of hnnuin intercoureo determined by ecOTomic 
advantages In Belgium after the Norronn conipiest tlw burghers of 
Flanders were able to draw on Fmglish mnrkcta for the wool which 
thev converted into the cloth that gave their country fame m tlic 
of Picardv and Champagne.® We have here a typical example 
of Tlatzcrs “ Stapclirindem ” or ‘‘ trensit regions.” In g cross direc- 

1 a. imbcr. CLTI^ Si.ui.in™^ ** Cnit« i cr™., 

'Tu n«rt».r. im a™ or«- la N«ra.e»ru.- Mitt. 

1015, FctittlBry, p. M. * 200-214. 

■C;* OrarUjr- L'AlimniB vl l«* lUnJU'fc Pklii. JM. Ir * 

• F, Gwwaapaiiv Sd tU OtOsnboui*. Mualcl, UW3. Cf. cJiap- «■ 
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tion the trflfEc ef the Eliine run at ihe end of the twelfth centnry 
from Coiogne U> Bruges nlotig the divide between French sDci 
Fleniish. Lorniiiitf, inviting access from e4i^ and west, h known to 
historians as a GaUoKGcrmftnic niarket of consklerable im¬ 

portance.* In our own time tfie river trado between ITolknd and 
Gormany along the Ehine Las caused expansion of Duteh into Ger¬ 
man territoty as far as Wesel and Crefeld- Tlio intruding language 
yields, however, to German evetywliere.*' Prevalence of French in 
parts nf Switzerland is generally ascribed to travei tlirougb certain 
Alpine passes,® The penetration of Creraian in the Ti^entino 
already been explained. In Austria th^ entire valley of the Danube 
Ims provided continental trade with one of its most important ave¬ 
nues, I have culled attention in a funner article to the Balkan 
peninsula as an inteitx^titiiienhil highwaj^.^ In a word, langunge 
always followed in the wake of trade, and Babel-Uke confusion pre¬ 
vailed ulong chuniiela wherein men and their marketabk commodi¬ 
ties flj^wed. 

The history of Europe during the nineteenth century show's clearly 
that modem reconstruction of nufionalitics is based on language^ 
Practically all the wars of this period are Oie outcoine of three great 
c^iiatmctive mnvements which led to the iznificatiQn of Germany and 
of It Illy j m well ae to the disentanglement of Balkan nationalities. 
Tlieso wero outward and visible signs of the progress of democratic 
ideals. The congross of Vienna failed to provide Europe with politi¬ 
cal stabilltj% becBUfio popular claims were igiiaix]d during the dclib- 
erations. At present, inhabitants of liugui^ic areas under alieri rule 
are clamoring for the right to govern theniselvea The carrying out 
of plebiscites under intemurional supervision can be relied upon to 
satisfy their aspirations and serve as a guide to frontier rearrange¬ 
ments. 

All I old, die growing coincidence of linguistic and political botmd- 
aries iiiuBt bo regarded as a normal development. It is n form of 
order evolved out of the chans characteriKing the origin of hiiuinn 
institutions. The delimitation of international frontiers h as neces¬ 
sary OH the determination of ndministrativa boundaries nr city linesL 
Human organiKntion requirt^ it and there is no renj^on why it should 
not be undertaken with a fair sense of the wishes and the fillings of 
all ulTected. 

T J. Vliliil do la Rlurlio. fittido W Itt Valine T,$miUl4 rte In OflilB. Fnils^ 1SH18, 

pp. 

innol tin [ip. fiS—04, Andi’-rw^P FftUtdii EJm.. dth tfd, lOtO. 

■ J. B:tilh]!]i'i, Ln llumpJne-, Aic«D, VtLrla, JEU2, pp, 

*The EaUaui I^lafuli^ BulL Anuir. a»fr, Soc^ 4S, tws. B* 11533L 
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EXCAVATIONS AT TELL EL A^EARXA, EGATT, IN 


B.v LiTiTA iii BquriiAiM3t. 


[WUh m pUitHa.] 

Following the discoveries uf Lust yuar^ Avideli were niainly at 
the houses of the chief sculptor TLutmes and liis workmen (pL 1, 
V l'^)i it was natuFiil this Ycnr to in^^igate tJio adjoining 
estates, BO far as they bad not been piievioLisly e-veavaiecL Tlio 
excavation Avas therefore started Avestward from the Thutrors:’ house 
and foIloAving tl^e noHherti edge of the Wadi extended to the maih 
street which coimects the modem viUages Hogg Qajidil and Et-Till 
(s» pL 1), This streetT corresponding to the main tlioroughfare 
of the old city, Avas r'eadietl at house X 47, L Tliere were also 
laid hare the groups of houses Q 48, 1-3 and O 4S^ 14^15 among 
tlie hilb rising from the Wadi. Behind the first row uf estutes, 
Avest of ‘^the street of the high priest^ imd north of the Wadi, 
the premises lying westAvard Avem disposed of as also a block of 
smaller estates, Q 40, lS-^3, to the north of “ the t.’hristinas house” 
(Weilmachtsliiiuft”)^ Q 4€^ 1. On die east side of this part of the 
street of the high pricist^” betAveen it and the eastern ci^ line, 
seA-eral estates were cleared Up, and the work avds considerably 
advanced northwunL The area of the eity so far excavated Avas 
thus about the form of a T* the upper or hori^ntal bar running 
fi'om sautb-!i0utliwi.^3t to north-northeast—from h[ Si to Q 45— 
and the perpendicuhir bar exteacling from west-nortliAvert to east- 
fioutlieast—from N 47-48 to Q 48-^9^ The lower bar at the present 
state of the work appears split into two strips of houses separated 
by the Wadi, though it is certain tliat in ancient times the entire 
ground was fully built up. 

Strange m it may appear, the ancient Egyptians in building up an 
urea did not take tlie precaution to leave the lower levels free of 
structures. They apparently diisregarded rains in distant parts of 
the desert Avhirh caused torrents to rush into the Nile Valley carry- 

1 AtMtjntct traiulKted fr&m ^iUell£m^ dtr n^OliicbEa Orleat^OwIlKaLft m BeHOip 
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ing every tiling before them, iilthoijgli the experience of miUemiimns 
bliould liBve tiiugljt them Ix^tter, Tlie diffen?nce of le^'xsl which thus 
fur could be established between the floor of house Q 4Sj 3 Etmi 
thut of X 47, (5 amoynts to 4.50 meters which is citiite a marked 
differeDce cousldering that these hon^ ure only uhoiit meters 
apiirt* Hie same miihtake was made in the paUce i>f Amcnophis 
TTI, south of Medinet Habile and elsewhere* The Eincient ICgyptiim 
architects were* however, not alone iu eomiiiitting this ei'ror, for 
their modern cDlJengiies and even Eiir open els building in Egypt do 
no better. As a result of tliis thoughtlessiaess find careles^css of 
traiiHieiit engineers, paiis of the railway dams, oven in the recent 
decodes, hare often been ijwept away by floods, anti iii 1H06 au en¬ 
tire corner of the place of Helnan in Cairo was ctirried off. 

The appearEfnee of the eiccavatioiis in tlie AVndi ililfers from that 
in the r^t of tlie city urea. Elsewhere the bou^ rnins appear 
Sat, desert hills where the still remninlng upper rows of masonry 
are brought to light witJi the first stroke of the pick. In the Wadi 
Ji layer of sand or j>ebble, U.S to 1 metrr deep, iinuft iirst ha nfinoved 
before the upper parts of the widh?, l.S meter ^>r miiirc in height, ap¬ 
pear. The debris between the walls is here also more compact, due 
to alluviation jind not merely to the rubbish from tho upiwr build¬ 
ings. 

As the Wadis, whs eh now form a break in the city tirea, mtsjit once 
liuvo been fully built up, the extensive interruption of the ruin flehi 
in the neighborhood of the modern cemetery of Et-Till must be con¬ 
sidered iiB only incidentnh and those parts? of the ruins formerly 
termed non her ti setilcments miiet once have been directly connected 
with the present main part of the city* 

We thus obtain a city nrm of about T kilometers from north to 
south with a greatest wldtli of only L5 idlometera. This olongated 
form of the city, probably in part conditioned hy its location along 
the river, is nccounrcd for chiefly through its origin, w'hich is even 
iiow^ clearly ijerc^ptiblc- The cit>^ w-as built on a long stre^et which 
ran parallel to the course of the river or, flluco the river limited its 
development on the west side, more tow’arcl the ejUvt on the main street. 
This main street, which probably already existed ns a country road 
wlien tlie city was founded, originidly connected the palace a ml temple 
quarter^ near modem Et-Till with the similarly important quarlor 
at the infKlom rill age Hagg Qandih Tliis main thoroughfare at ill 
exists as a connecting road lietween these villages, and appears on the 
plan (pi. 1) Ixjtween the premia M 47, 2-6 and M 47, 1. The first 
plan of the city W0S probably limited to the building up of both sides 
of the main street and later other Iwoad streets iivere laid out, running 
pareild to the main thoroughfoi’et but bending toward it from the 
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north nod south, imd probably leading from t^rtain itppoftatit ctia- 
tens tf> tke main street. The first of these broad parallel streets wliich 
thus fnr can be tra<Td, ma^'lx? seen on the plan in front of hoiiso L 50, 
1, between tho houses N 4S, ir> imd O 4S. R* in front of the house O 
48,13, and between O 17,2^-4 and P 47,10. The nexts tipimrently the 
most extreme parallel street, is the one termed OlKupriester-Sltiisa© 
(street of the high priest) and ha^^bren fully ileseribed in Milteilun- 
gen der DetilscUrn Orient Qesellsichaft, Xo. page 7. 

The necessary connections Ijetween these main arteries of the city 
w«re narrow cro^is sti^eets varying from l.M meter (I) to 10 metors 
in wiilth. They are rkarly viyitde^ as shown i>n tlie plan E>rtw'ecn the 
premises extending from Q 4(1 to P 43^ but good exaiuple^ of them 
lire alsi reeognizublc south of the Wadi at the end ot i]m "'‘high 
prie,sts^ street*'^ Tlieso cross streets do not always run in a straight 
line» Init siOTe are; of a rectangular outline, as the one between Q 40, 
and Q 47, 9. 

Sij iiiUfh coijcemiiig tlie streets wdthiu the city ttm system of 
which is gradually Ijecundng niore distinct. But likewise as regards 
the long-known stitiet oubiidc of the city area, to ivhich the mapping 
i>f the region has addled a large number, some views may now bo 
given which nuiy correct former stnUunent^ on this subject. In the 
first place^ a sharp distinetion muit be d^a^vn between earlier i^treetsi 
of the time of Ammophis IV and later rmes. Om of the ohlcr 
feftrf?et-s wn^ no dntibt the one which letl far into the desert to the ala- 
barter quarry of the Old KiiigdouL, having a Length of III* kilO' 
iiseter®, and in some plncca prcBcnting for iU time creditable ^^art 
structures,*' such as ramps and fortified dde slopes. Two other 
roflda on the eastern pbteaii lead still farther into the desert and to 
the stone qufirry Ioi-Titetf( 24 Idlometcrs from the Xile in an air line* 
This is an alabaster quarry. Its original circular entrance shaft led 
tlirough a sandstone elevation rising from the surface of the deseii 
(pL 2, fig. 1, lop, on left side), but at present the entrance is somc^ 
w hat more arcessible beoau^^ of a break in the covering, as show n in 
the central portion of the figuns. In the interior there o|ien6, firsts 
an irregular space, from which passages lead down to other roorasu 
and from these to still lower levels. In some of the room? late 
Eoman jiotsherds were found, bearing witne^ to the age of the work¬ 
ing of the quarry, which Ls alsti atiestcfl by the rude relief in the 
wall of the iipprnnost mom on the left side, near the present cntrance 
(pL 2, fig. 2). This relief represents a priest sacrificing a gazelle 
before a row of five gods—Re, Atutn, Thot, (!), «nd TIar-siW. As 
the age of the quarry fumibibes the date of the two roads which lead 
u]i ti> it, they must be diStegurded in the reconstruction of the road- 
net at the time of Amenophis IV* There remuin, therefore, for this 
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poriocf only tho sa-cnUed “round roadsTrliicU upon tbe 

jiioiintaiii. connect the totobs and the frontityr and their coh- 

nei'tinK roads width lend throngii tlio plain from north to souths as 
ako the roads from the tombs to the varioiLs points of the city. The 
“ round.** or endrciing. roads possiiblj seired for the militaiy guard 
of the city territory^ As regards tho object of tho other roads^ the 
most plauiuble assnmptioo for the present ifi that they connected th^ 
working places, untmishei} tombs, and frontier stelro witli one an^ 
other and with the fact^irles in the city. 

In this yearns cjiiupalgn only a few large estat^^ but very many 
stnnll plx^mise^ ivere clcsired^, especiuUy stich as ali'eady hiid betui 
inve^Ttigated and rtimniagi'd by our Engbsli nmi native predecessors 
ft tiring tlie excdVAtion of tlie dty, sq tlnit little was learned as to the 
peueni] arrangeiiient of buildings on large areas. But one assump¬ 
tion whieh wips formerly questioned was definitely prove<l. What 
was formerly, though with some doubt, designated as ji front garden 
on the street^ is now proved to exist tit bouse O 48, 14 (pi. fig, 1) 
in the form of tree holes regubirly sirmngeil with n rect^ingular 
border of liijckK The general arrangement ^imas to be that the 
house gsirJen proper was inclosed within high wallfi mul thus hidden 
from public view^ hut in front of Oie high wall there was another 
gnrilen surrnumled by low femmes, m tlmt pasi^ers-by eoidd enjoy tlie 
trees and bushes This considenition for die public, hoivever^ is not 
a characteristic of the oriental^ who timidly concezds bis possessions 
behind higli wulls. lint the customs of the ancient Egi'ptians, espe¬ 
cially those practiced in the hmue and die family^ must mtt Iw meas¬ 
ured by the CELstomi^ of modern Mohamniedun Orientals, 

One remjirkable habit which was this year firiidy establislied^ 
though it wiKS in farmer years often nbservedj but not dearly rccog- 
nwed. fibows how consci-vative Egv'pt is. On the estate of a wealthy 
man {house P 47^ 17) the niain cntniiice on the stiieet and the entrance 
to the dw cll'mg wera walled up. The wallLng-np w'as executed when 
the wooden do<)r 2 j were still in tjioir frames. Tetter the whito ants, 
which at Tell eUAmartia devour anything made of wo<al or similar 
substsince^:, destroyed the wooden doors bcUinii the masonry- The 
^ncra who departed from this ettote, probably on tlieir return to 
Tnelx?s, £fl!cured their property^ w'hich they perhaps expected to ug^e 
apifn^ by walling it up against hou^breakers. Tills custom had 
a reat y practiced in the Old Kingdom^ as in the niortuary 
0 o ing Sahu-re\ near Abu^r, and is still employed in Egypt- 
Oerman consul general 3 after all the pack- 
held hu ^ Predecessor had been lost^ had tho storeroom which 

™ advice of natives who were 
result forfh^ t^^ditions of tlie couutryt and witli the desiJti^d 
’ "11 the« he .leparted, though some- 
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T^hiit musty. There ara iti5tuiice«^ h^ywever, in Thelws where the 
olheially isalled-up tembg served merely as u cover for the pillngei-s 
of reliefs to perform their work of destnictifm. Every n^eUnnl fetr 
EaecuijtY leads in dr vising it corresponding method for breEikkig in. 

The hirgt^t and Ijest preserved house excflvated this year, Eind 
which. Iierause pf its exc^eUent condition^ permitted the reproduction 
in a colprc<i di*Hwitig of one of the main rooniSt the deep hall, was 
that of (fenend Ra^'-mose and his housekeeper VTnet {House P 4T, 9), 
where the incomplete tombs, already known for some time* lie in 
the row of the so-cidled southern tombs in the eastern mountain of 
Tell chAmarnD. The house is of sl>ecia] interc-d: because its owner 
is known, and the more so eince it supplies some infnnnaticn nlioiit 
bis personal history. Under the father of the king ho had l>cen 
active in the high administrative position of ^^ipevinteiuient of the 
house of King Amenophis ITI/^ His name at that time was Ptah- 
mose^ but under tiir young king he became *^{teneral of the king of 
both laiidfi,^*' and after he had moved with his master to Tell el- 
AniEsma he chnnged the name to Ra^-mose (pi* 4>* With tlie eon- 
stJintly grow ing emphasis of the sun -cm It. names in which other than 
solnr deiltes played a part became unfashionable in gfjod society. 

This custom of altering names^ which has its foimdatiun in the 
pei-si'cution of tlii>^ g^^ds wdio ivere not afliMeted wdth the sun-cult, 
and therefore must have originated at the time of the highest de¬ 
velopment of the Aten cult, h important in the chronologr of this 
remnrkable religious movement. The hmisss of this "General” is 
quite close to the confines of the city* which was not founded before 
the fourth year of Amenophig IV, and was therefore probably built 
a considenibk time after the court had moved to Tell el-Amama. 
The name w’ds changed when the house w^aa nearly finishe<h perhaps 
even considerably later. Hence the oppositic^ to the names of the 
nonsolar divinities, ns we sec it in the above alteration of the name 
IHab-mos^, regaided as chnracteriKing the period of Amenophis TV, 
may be considered the Ia??t acute stage of the ^reformation of that 
king, which took place in the last deendes of his reign. The Intro¬ 
duction of the Aten cult was therefore not an shnipt* sudden plie- 
nomenon. but a gnitlual development/begimiing probably far earlier 
than the time of Atnenophis IV, In fact, tliere is in the Ifritish 
AlMseiim a statue belonging to the time of the father of the king, 
bearing a regiment^s name, the goil i4ten sheds his rays upon King 
Amenophis 111,Thus the so-called new god of .\metinphis IV 
must already have been highly respected under Amcnophibi IT I, else 
a regiment would haivlly have l>eeii named for him, Thos^ after all^ 
Amenophis IV, both as the ruler of n gigantic empire anti as die 
founder of u religion, was only an heir^ undt as tfie results in IkjUi 
spheres has abowm. not a fortunate heir. 
iSaiS*—ast 101-20 
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But to return to tlio bouse? of General Ru'^-mose. The first thing 
noticed Ti^as l\mi all the doors, not oiilr that of the main entrance 
but oien those of the inner rooms, iiere framed in nshlar. This was 
later of left observed in other, even plainer, hoiii^, though they had 
BO inscri Jit tons as on the dw>r frames of Ra--mcise'5 house. These 
stone frames of interior doors are of some importimco in connection 
with the colom] reprcHiuettPU of an inner room to be described bclow^ 

The Ka^-mose house also fumisbed new data concerning the “ quad* 
rangubir” room hitherto regarded as the master's room, but now as 
that of the lady of tho house. Its presumed function as the master^ 
room was derived from tlie fact that it overlooked the courtyard 
and the storerooms^ This would presuppose that it had a window 
from which one might look out*- But Egyptian windows in the 
lower room;^, with the exception of the “audience windows” in the 
palace, ai't? arrntiged for lighting the inner rooms, being placed high 
up. nliimst at the ceiling. So Hi at this reason for considering it the 
“room of the master” fails. On the other Imnd, there are two rea- 
fiom favoring its designadoii as tlie “ room of the lady” in the case 
of the ho[ise of Ra'-mose. In tlie first place this is the oidy known 
instance where the nctme of the mistress of the house appears on the 
frame of a false dour, in exactly the saime manner that her husband's 
nauiu is juuserved ai'chitectn rally pendant from a renl door. But as 
111 ] the doorframes of thi; house have not been preserved^ it can not 
be asserted that the name of the wife occurred only on this one 
frame and that therefore the quadrangular ” room muj^ be con* 
sidered as that of tbe wife* But there is another and stronger 
reason. An annes to the quadi-angular ” room, accessible through a 
short corridor, is evidently a wardrobe room. On two sides of this 
wardrobe or dressing room are wooden benches* about 70 centimeters 
bigiu resting on brick and wide enough so tliat on and under 

them the clothing and omaments of the lady could have been placed. 
This ni.ay seem n bold assumption, but not if it is recalled that in the 
fenmle apaxlmenhs of the palaces of Amenophis III, south of 
Jledinet Ilabu, each bedroom of bis numerous chief wives had a 
wardrobe chamber fitted up with like wooden l>enehes, thougli of 
eom^sfiiondingly greater ditnensioiis. The wardrol;»e chamber near 
the ^ quadrangular ” room therefore decidedly favors the assuni|itioii 
that it was the '^room of the w ife.” However, it will be the stifet 
plan to defer a positive statetncnl as to such use of the “quad- 
niugiilar” room until women's apparel and children's plavtlilagii 
haA^e liecu found in such a ™in. 

The jiainting on Ae walls of the “ deep Iiali;^ the dining room of 
Cicueral Ra -mose. is w’eU preserved and ofTeml a veiy interesting 
^ndy which was gladly taken up, though w'itli the consciousness that 
it ran not nt present be definitely interpreted, so that wbat hits been 
flccomplishttl inust nece^arily be considered as oulv a first attempt 
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to reconstruct in a drawing tlie interior deeorntioa of un Egyptian 
living roouL 

Th« “^deep hall ^ or the dining room of the Gcnerol TEji^-mose house 
was I hj 7 meten? in ai^&e, with entrances from tlic northwest through 
two vri lilted doors in the renter, and on the eastern side of a 

single door eounterbalanced by s false single door on the western 
side (pi. 5, right half)* In this way there was produced thut 
metry which is an absolute requisite in Egyptian arehitecture. 
Double doors with an additional single door between two rooms w^s 
at that linie customary. The two side walls exhibit the same archi¬ 
tectural arrangement; iu the ixsnter are double mehes with single 
doors or oiches on either side of these as might Ik needed. Tlio brtck 
wall, lio weverj has only the two side doors^ without the central vaulted 
doors or niches ; in their atcad tliore is on the floor tlic Uijual low eleva¬ 
tion thought to Im the place for Ute seats of tlie master of the bouse 
and his wife. Comsponding to ibis at the center of the west walL 
there is the usual platform made of limestone:^ widi raised sides 
^;pL 5, left half), perhaps tlie mating place during ineals, since it is 
provided with receptacles for waste water, the washing of the hands 
Ixjforo meals [ilaying an important part hi ancient Egypt. In this 
dining room there are also traceff of four pairs of columns which 
stood in twu rows (pL 5, the two holes in the brick pln<ilor of the 
front), and the limestone base of one of these cohimua may still lie 
Been- The aiTangeiaent of the windows can be determined from tlie 
position of the etnirca^j which renders an opening for a window in 
the middle of the w^ill iropossiblcp for there was only for die 

door Hntelj the fragments of which were found on the floor. It niav 
seem strange that the doors were so low^ but in Egj'ptian houses they 
were made just a mao's height. 

So much about the gi’ound plan of the room and ite srcbitectural 
construction. 

The painting on the walls^ made directly on the Nile-mud plaster, 
is everywhere nearly as high as die remains the walls themselves^ 
Inching in some parts 1,30 meters above the floor. On the floor of 
the room were found fragments of the paintii^^ fallen from tlie up¬ 
per parts of the walls, including parts of richly painted door head- 
pieces^ dmmfers, tore, etc- Such were the data fixun which to re¬ 
produce a coloi^ driiwing of the room* The result is quite satisfac¬ 
tory, but as here represented in black and white (pi. 13) the light 
and shade effects of the colors c<iuld not fully be preserved, though 
the general iiupresssiun is accurately rendered. The color tone of 
the wall is greeuishdimwii, like Xile mud. Tlie dca^re have black- 
l>ordered white frames and white chamfers. The idea underlying 
til is color combhiatJon must have originally been to repre.seut liine- 
stone doors set in brick masonry. But m the present cn^ this idea 
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wna forgotten in the choice of showing thtit we ha%'e here 

not ^methlng original but a mixing of varions older motifs. The 
door frames are not of stone color, hut that of red-brown wood^ 
superposed by bright yellow hieroglyphic lines. They should I’epre^ 
sent an itiliiid decoration In two wo^ colorsL But glaring os the 
yellow tone of the hieroglypbirs is in itself, it Ints an exeidleiit effect 
in mass upon the dark-red brown. The folding doors are yellow, 
while the wider doors* whidi mitunilly would consist of several ver¬ 
tical boards in red brown, are yellow and red brown^ each board 
sepanite. The papyrng gtalk lietween the two halves of the double 
niche is likewise puintci^l in natural colors, gi-ecn with yellow basal 
leaves^ Xatnralism prevails also in the color scheme of the door head- 
piece nf tlia tombs of TcH el-Amama and the temple of Abydos, 
which la painted in the yclloiv and red-brown wood colors The 
painting of the chamfer of the door headpiece is remarkable. Per¬ 
haps originally n frieze of tiriiei (sacred asps) H^as intemled nr er- 
ro!ieo?Lsly laid on* while in the painting coarsely e-tccutcd rusettos in 
different colors were emploj^ed- The yellow tone of the window 
grating is dne to the fact that the&e structures date back to the period 
of original wood con^iriictlon- Of the pninted garlands which ran 
as a frips!c annind i.hu walls, and which in the New' Kmpire were id- 
ways rendered in tiie correct forms and colors of the flowers^ enough 
fragments were found to permit an accurate reconstruction* 

But now W€ come to the rather doubtful ekmenta of tha construe^ 
tioiit the columns and arc hitraves. Besides the white bases only the 
red-hrc>WTi color of the shafts of the rolumns, traces of which can ha 
discerned upon the bases* is assured. The form of the eoliinuis as 
[htlms was selected after old reprt^ntations of the dining room in the 
pnkcQ of Amenophifl IP, and conaetpientlj" a green color was as¬ 
sumed for tl^cm. The abaci and architraves, as tarried out in the 
reconstruction, may have been yellow, remains having been found of 
wooden ardiitraves in another eiivcavation. 

These are the data fir tlie nttenipted rcconstmetlon which, in many 
cases, have shown that this dining room was quite a comfortable 
place and that tin? color scheme, even to our taste, was not coarse or 
glaring but produced rather a pleasliig and harmonious effect. Life 
in Kiidi rooms miM have been quite pleasant, although tliey were not 
very well lighted as evidenced by the frequent fin^ of lamps and 
lamp Gtiinds. 

In exploring the eo^droninents of the atelier of the sculptor 
Thutmes some pieces which had been carried away from his work- 
Kiiop fell into our hands, notwitlistajiding Unit a considerehle num’- 
bi^r of the finds of this year were from house ruins which had been 
alreoily exploitei:! by natives and. porhapa, also by onr reientific 
predccefiEore at Tell d-Amama. This yearns experknee bag thus 
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shown that in milking museum Hi^llectionn it is worth while to ox- 
umino mcthodicaJly plnces iilready rumrongcd, aside from the ptirely 
sciettiiSc results which fnich work alwa^ns yields. 

In bouse Q 48, 1, about 100 meters from the atelier of Thutmes, 
toward the southeoBt, tliere wna found an exceedingly well executed 
model of the head of a baboon {pi. 6, fig. 1). In the some hotise there 
alsocx^mc to liglit beautiful ivory cArvings, which later on w ill be dis¬ 
cussed. It need not be assumed tliat the baboon's Iicad Came from 
the workshop of Thutmes, for some artisan piobably lived there in 
house Q 48, 1 who could make such ii good model of the baboon, 
especially since, together with the baboon's head, there was found a 
small saucer containing remains of the material from which the 
model was made. The moat remarkable feature of the baboon mask 
is its material, a brown and now hardened stuff at first designated as 
^ resembling wax.” This, then, was the material for modeling, and not 
clay, and from this first model a copy was made in stone. By chance 
wo uko found the head of a baboon made in limestone (pi. 6, fig, "2). 
It came from the house O 47, &, about 100 uieters from the atelier of 
Thiitmes, toward the west. Judging by the location of this find. It 
may have come not from the atelier of ThutmQ.s but from some other 
not yet disa.'overed center of sculptural works. It need not be as¬ 
sumed that the limestone baboon was worked after that in “wax,” 
though many detdht suggest it. Tlie task of molding tlie liead of a 
butmon, the sacred animal of Thot, the god of wisdom, must often 
have presented itself to the sculptors of Tell el-iVmtima, since the 
center of tlic cult of this gwl. to whom the sun cult of .\men 0 phis IV 
Was not at all opposed, was at Kshmunejn, close to Tell el-Araama. 

Although tlie atitlntrship of these tivo models must Im left unde¬ 
termined, yet that of the next and moat important model (pis, 7 
and 8) may snfely bo assigned to Thutnies. This one was found in 
honiie P 47. 2.1, about 12a meter^ north of Thiitmcs's otelier, in a 
region which ts still within the circle of this atelier. Looking first 
at the back or reverse of this find (pi. 8), it shows nothing more 
than the accurate impression of a board which was roughly planed 
with an adw. The board itseif. like all woodwork at Tell cl-Amarua, 
had been devoured by white Biita. but the impression reproduces all 
the details, even the grain marks. Tlie material of which the model 
k made must therefore once have been so soft and Ilexible that it 
could with great sharpness adapt itself to the smallest differences 
in the surface of the original. At present it has the same giajas- 
hard consistency and the identical brown color of the “wax-tike** 
mmlel of tlie baboon head (pi. B. fig* 1)- Prof. Schmidt, of Cairo, 
who made a preliminory cxamin.ition of a small particle of the stuff, 
recognJiUKl it a« a kind of gum resin, probably Oliban (frankin- 
ccJise) or bdellium, with an earthy (Xile-mud) admixture. 
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This stuff must, therefore, huv’e lucen poured iipou the board while 
liquid aud presumably waitu, and then the sculptor modeled into 
its surfnoc, perhaps with u heated mettil lusti'umeiiti tiie channiug 
reliefs representeil in plate 7. The sculpture repi^escuts the king 
and the queen. He has embraced her with his left anti und loosely 
lays his hand upon her shoulder; she turns with lier face to liim 
flndj with her right hand buying itself at bis bosom, she nestles 
on his broad neck onwimenL Costume, type, and treatment of tlie 
bodies leave no doubt as to the date of this art work. Even if the 
location where it was found were unknown, every connoisseur would 
unhesitatingly attribute it to the time of Amenophis IV, and, ou 
account of the imartiftcial, dashing execution, witli the S 4 ime cer¬ 
tainty would pronounce it the first sketch of a relief. This will 
suffice for tlie present. Thera are obviously connected with this 
find many other questions which are to be discussed later, such as 
the real composition of the “ resin moss,^’ the origin of the several 
ingredients, their workableness when combined, the instruments with 
w'hicb tliey were worked, their suitability for casts in gypsum, etc. 

It was intimated above that in the square of houses O 47 we Bscni 
to have ctmie aero® a new center of sculptural finds, for in this 
repon there came to light many unfinished granite pieces to Im laid 
into reliefs, representing wigs, a very beautiful torso of the statuette 
of a tpieen, though the wooden head of the queen ia unfortunately 
totally decayed, the baboon a head mentioned aljove (pL fig- 1), etc. 
Only two of these finds will here be specinlly considerfid* There is 
first of all a amall limestone mnak (ph », fig. 1 ) doubtless copied from 
u life-sine gypsum mask, many examples of which have Iweii found in 
the modeling chamber of Tliutmes, The wrinkles on the forehead, at 
the base of the nose and around the nose wings and the mouth nre 
here, and in a non-Egyptian fashion well indicated, though iu a more 
schematic manner than on the large masks. 

Only 50 meters from the above there was found another study (pi. 9, 
fig. 21 , n portrait of Aiuenophis IV, which in its almost incredible 
delicacy can cuiifidentiy be placed by the side of the l>est reliefs of 
tins king- The artist taicceeded best in rcprothicing the eyes, cheeks, 
and front of tlie neck- As the main concern was the portrait, the 
accessories <‘f the royal costume, such as the headcloth, tUu frontlet, 
and the asp (iiraeus), are treatefl in a secondary manner aud even 
to some extent merely indiesated. 

So much concerning tlie finds of rnodek in tins region which, as 
stated, is in the environs of a new center of sculptural works, not 
before carefully explored, though it in ay have b«n rummaged by 
our prcdiHicssors. 

The last find to be mentioned came from an entirely dilfcrent district, 
from house Q 4B. 1 , which is also remarkable for the frequent ^*wnr- 
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ture tli« scene of our ivory cftrvii^, ** the king striking down a cap¬ 
tive.” In its form the ivory c&rving., which is to be imagined aa 
l»ucke<l with some atulT. dorresponds exactly to the half shell of aoch 
a cuff in natural si35©. It would comfortuhly cover the half of an 
Egj ptlau slender wrist But this neat, fragile curving could liardly 
have stood a practical um. It could only have been put upon a statue 
of life eizA'? that is, one w'liich according to the inaTiption of 
Tliutmosis ^Thotules) IV represented the king sdiooLing witli tJie bow. 
It is not surprising that an object with the name of Tliutmosis XV 
was foutul in the city of Amenophis lY, It may not even be as¬ 
sumed that it was brought from Thelies or elsewhere. It has lieen 
long known that the city ‘*Horis!on of tlie sun colt” already existed 
before Amenophis IV, perhaps, even probuhly, under another niiine, 
as was then the case as to personal names, such os Amonophia 
changed to 'IcL-n-aten and Pta^-niose to Ra^-mose, 

On account of the great find of tablets inude in 13S7 in tho house 
of the royal letter writer” in the royal ardiivcs in the pala« quar¬ 
ter, not far from the village Et-Till, the surroundings of this bouise 
had ticen again and again searched throughout by various investi¬ 
gators with the result of adding merely a few unimportant pieces 
to the original find of upward of 35tl tatdets, but since the early 
'fMte of the last century hope and further scareU were given up. 

that on Decemlier 13. 1013, when Mr. Dubtits, tho (lovcrmneiits 
supexintetident of buildings and of tho exeavntioiia, announced tlio 
discovery of a clay tablet in house O 47, 2 it seenitd acarcely credible 
(pi. pL 1-2, tig. 1). A portion of another tablet was found on 
December 10 in house 47,3 (pi. 12, fig. 2). 

Botli these piccv^i were found in premi.ses which already had been 
thorougidy excavated, the first near the wall of u courtyard, where it 
became fastened on the upper edge about 30 wntimeters below the 
surface. Though the surface humidity was slight, yet it caused 
much flaking of tho left margin of the obverse iind the correspond¬ 
ing part of die revei'sc side of the tablet. The sccoinl pictee Isy 
considerably deeper in the debris, and therefore escaped this damage. 
The surroundings of both places where the finds were made were 
diligently dug tip in search for other pieces, but without siiece^ 
ill the division of the finds these two valuable documents fell to 
tlie share of the Egyptian Service of Antiquities, and its courtesy in 
lending them for examination and study is here gratefully acknowd- 
edgeil. Dr, Otto Sichroeder of the division of wijsteni Asia in tho 
HerUn Museum prepared a provisional tronslnticin timl explanation 
i>f these tablets- The smaller one ([d-12. fig. 2l ia of light-brown clay 
with dartusb apoLs. probably due to contact w’ilh chemiiml salts. It 
tti fi,l eemimelere high by 3.6 centimeters wide, its greuteot thicknem 
ii.Q.'V ccntinietere. It ia inscribed on the obverse only and contains a 
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portion of nn As^rinn Bjllflbajy. Syllabary is ilic di^’tignation of 
tabulcir amuigements in different ooliimns of caneifona ehurtictors, 
their names and values. Usually they consist of thi'ee columns. In 
the middle column are placed the cuneiform signs which ore to be 
explained^ the column to the left gi^'ea the proiitinciution and syl¬ 
labic value of the charactei*, while the column to the right contBiiis 
the names of the signs. The present fragment is cither the writing 
exercise of a dragoman who was intrusted witii the cimeifoim oor- 
respondenco to western Asia, which the large script would suggest, 
or a reading exercise provided for such a dragoman in wcsteni Asia. 

Of much more interest and value is the larger fragment (pi. 11; 
pi 12, fig. 1). It is made of a fine light-red clay, with a height and 
width of 10 centimeters end a thickness not exceeding 2.4 centi¬ 
meters, It is closely huicribed on both sides with the so-called 
“HiUite” stroke of the cuneiform script, tlie several parugraplis 
being separated by linesi As far as made out, it is the hrst pnrt^of 
a serial litcrar}' work, bearing the title ^King of the Battle” 
tanihari), which treated of a military campaign in westepn Asia, 
of which the present fragments deliueate the causes and the begin¬ 
ning. Unfortunately, the name of the author or scribe, with w'Uidi 
Aiisyrian tahlets are iisually signed, is here wanting. In its phuTfi 
is Home wiped-oiit EgyiJtian red ink and the impreasion of a tinpr 
besmeared with red ink, which migiit suggist that the Eg;>'ptiaii 
name of the author or scribe in Egyptian script was intended to be 
placed there. 

The first question which pressed for answer was, Did these pief^a 
come from the vvell-known archives, or are they the harbingers of 
the existence of deposits of cuiieifonu tablets opart from the public 
archives in Tell el-Ajiiama? The contents of the two tablets do not 
hinder their having come from the archives, for ^llabai'ies linrl Ih*- 
fore that been found in the archives by Professor M. Flinders Petrio 
and the existence of literary te^ta in the archives may likewUe be as- 
EOrbed. There was found there, belonging to the librory of Ameno- 
phis III, n faience label of a wootlcn case of a papyrus which con¬ 
tained, obviously in Egyptian script, the tale of the Sycamore and 
the Date Palm.” But the great distance of the location of tlie find 
from that of the “house of the royal lottor-writer,” about li kilo¬ 
meters, would indicate that !t did not come from the archives. \Vv. 
should have to assume eitlier that in ancient times pieces from the 
archives had been senttered over the field of ruins, or that the peus- 
ants of Et-Till, who discovered the archives in 1887, have in an in¬ 
credible manner thrown some of the pieces around. But whatever 
may have been the origin of the two new tablets, it is certain that 
there is hoi>e of still further finds of tablets in Tell d-.Vmamo, 
where search liad been completely abandoned. 
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VACCTNTIS.^ 


By Ij. Itottui,' 

J’re/f’Msr tfir yaeultft of lledielne, T'nlnrtitif of Parit, Mittnhrr of (Ae 

Acoienitf of 


The TTifijoritT of infectious difleascs do not occur n second time; 
the first nttock confers immunity. About a thouaind years before 
the Cbristian orn this feet was Imown to the Chinese^ among whom 
smallpox made terrible rtivagcs at that time. But nil who survived 
n first attack could live without Inconvenience in infectCfl plac«, so 
that tliere was a consademble economic advantage in encouraging the 
development of the disease during youth. In ease the indiridxifll 
died the loss to society was small; in cose of survival, the value of 
that individual immune to a second attack was considerably id' 
creased. Such were tlie reasons given by the Chinese for practising 
variolation, or inoculation with tho disease. It is remarkable that 
snch an Idea should spring up and dev’elop at a time when diseases 
were more often attributed to divine wrath tban to contagion, and 
that it should lead to a prophylactic method which was not taken 
up again until the end of the eighteenth century. 

Variolation was practised by inserting under the skin or in the 
nostrils of snbjecta scabs taken from convideseents. Tlds infection 
through inoculation is much milder than infection contracted span* 
taneously This result is easily explained: The pathogenic agent is 
introduced into regions unfavorable for its development and with a 
subject in good health, not predisposed to Infection, while under 
ordinary conditions of spontane-ous infection it is more often tlm 
case that resistance has been lowered through the agency of pre¬ 
disposing or adjuvant causes. 

However, variolation is not always harmless; the organism inocu¬ 
lated may be in such a condition of predisposition that infection 
Spreads and takes a serious course, resulting sometimes in death. 
And even if the inocnlated subject roasts it, the few pustules which 
develop are cfapable of spreading the tiiseaia! and constitute a danger 
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tm tlii^ jM^r^iis ill t:b^^ vicinUy- Mcin? thnti otice ilnsy linvu lwLH*n the 
Et:irEliijx |>nuit of epidemics. 

In spite of the^e limitstionei, varuiktion rendered gnent services- 
Tt TTasj introduced little by little into Persia^ then into Turkey. In 
1T21 the \vife of the English amba5!Ssftdor at Constiuitinople, Lady 
Slontagtie, who witnessed ttie results obtained by this procedure* 
made it known on her rciiiru to London. The new method spread 
rapidly mid was voiy happily modified by tw-o Scotch fiimters, the 
Suttey lirothers^ who invented Liie sitbepidermk- itukculntions. 

^"ariokticin hns to-day only n historic interest. Tt has retreated 
before another printedure which was intrcxlucwl into sckncc ut the 
end of the ^iglitt^eiith century. It had lieen known for a long time 
that in certain regioiis in England^ and tinbibly in the county of 
Glqucostershire. that pen^ma who have the direct care of cattic often 
have on their fingers small pustules conirurtctl by contact with ani¬ 
mals attacked] by cowpox^ and that thb eruption gave them immunity 
against ^maflUpox. In iTflS Sutton and Fewster drew attention to 
thc^e facta, and it was then that Jenner conceived the idea of prac¬ 
ticing systemuticnlly* in the interest of prophylaxLs- the inoenlation 
of cowpox- In I7t>3 the residts of these researclios were made 
known. It was estnblislied that the virus coming frtiin the cow is 
inocuablc In man; tliut it may l>e transmitted from man to man, keep- 
* ingits fundamental charucteristics, for when n^inoculated in tlie cow 
it produced ugain the characteristic eruption* Einally, inoculation 
with the vims token from a cow or from n muri pravioiisly inoculated^ 
confers immunity against smallpox. I'he objection was raiseci that 
the resistance was pot perfect; that several incKailated subjects later 
contracted the disease. But it came In a mild form and inrned otf 
shortly before the period of suppurattoiK taking a 8|5ecial form, which 
has given it the name of chickenpox. 

The discovery of Jenufr brought up an interesting problem which 
baa not yet bc^n stilved- Can the disea.se of the cow^, or vaectne 
cow)^ be considered os a special infection, or sliould it be 
regarded as a varinloiEs iiifeciion modiikd by a long scriea of pas- 
Bages tliiwigii tlie Bovidee! Tlie majority of French scholars agree 
in keeping the twn separate* In Germany and Swuucrlaud re¬ 
searches have been carried on tendbig to e^ublisb the fact that the 
varioloiiB virua can be tranaformed into vaccinal virus. Whatever 
solution muj be finally adopted, it can be statecj tliat incwmlation 
with vaccine was the first instance of a prophylactic inocnlation 
whldi was efiicadious and harmless- ’Wliether vaccine k a special 
virus or a modified variolous virus, it produces in man a local erup¬ 
tion which l>ecomes geneinl only in exceptional cases, and in these 
eases only in a very mild form* 
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For preventive inoculutlons the liquid (vaccinal lymph) collected 
from the pustules of a child or frota one of tho Bovidiu le used. The 
imlmal vflCL-ine is in gcneiBl use to-dny. Young calves ure pxe- 
inoiLsIy inociiliitcd by numerous scufificutions on tho flunks, und 
used for the culture of vaccine. It is to be hoped that the uitcnipts 
noiv being made will permit the cultivation of vaccinal virus in 
artificial media so that the passage througli snimals will not be 
necessary. 

According to their etymology the words ** vaccine” and “ vaocins- 
tion” ought to apply only to tho diseases of the cow and to its 
iDoculatiou. But, diverted from their original meaning, they desig¬ 
nate to-day a whole series of virases used for prophylactic purposes. 
Thus, for in stance, tlve terms anthrax vaccine and anti anthrax vaed- 
nntions are used. Anthrax vaccine is used only in veterinary medi¬ 
cine, but its study is valuable because the method has been tho start¬ 
ing point of numerous discoveries. 

To Touasuint, professor at the veterinary school of Toulouse, 
the credit for having first tried antiauihrax vaccination. He 
stibjccled anthrax biocul ton tem[>erature of about for 10 minutes, 
thinking in this way to kill the bacilli contained In it. Several 
animals died on licifig inoculated with the blood thus prepared, but 
those which sum ived became refractory, Tonssaint Micvcd tliat he 
wiia vaccinating witli the soluble prfductB deposited in the blood 
by the anthrax Imcilli. As a matter of fact be was using weakened 
microbes. This was shown by Pasteur, who in submitting anthrax 
cultures to the action of heat, succeeded in producing vaccines which 
could be acciinitely graduated. 

The most imfiortunt of the Pasteur VDccinariona consists in culti- 
voting the anthrax bacilli at 42“. TIio microbe develops but does 
not givo off spores, and its virulence diminishes more and more. 
If, after a certain lengtli of time at +2*", the microlas ia placed in a 
new medium and raised to a eiigcnesic tenujoralure of 37® or 36“, 
it dcvelope, gives off spurcs, but maintains tlie degree of weakness 
which it hatl previously reachetJ. There are two Pasteur vaccines^ 
one called the first vaccine, comes from a bacillus which is kept at 
42” for from 15 to 20 days; it is so weakened that it no longer has 
the power to kill animals except those new born. The second vaccine, 
which has remained for from 10 to 12 days at 42”, can still kill the 
adults; 

In practice these two viruses, weakened but living, are inoculated 
successively, and in this way sheep and cxittle are rendered immunG 
with Ji0 attendant risk. The economic imfiortance of this method 
is readily seen, and man, who contracts anthrax only by contact 
witli animals, is indirectly protected. 
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Since antianthniK vEkCcjiiiitiorts are a protection ugaiont posfsihk 
conUininaticn* it wiU be if a similar method would in it 1» 

elfective during inciibadoa-^hat is, between the time wlitin the 
virus is introduced into the organisni and the time when the ^'inp- 
coins appear. It was also Pasteur who brought up ujid seilved this 
problem. 

It was already known that it Avas possible to confer immunity 
against rabies. A pnifessor at the veterinary school of Lyon, Gal- 
tier, bad sliown tluit the saliva of a mad dog injected in the veins 
of a sheep or goat did not provoke ^mptomi^ but conferred a power¬ 
ful resistance against a later inoculation of die vlrtis. This di^vcry 
was im[K>rtant hut was devoid of practical interesl, as tha luetbod 
was iiijcertain and dangerous. 

Taking up the study of this question, Pasteur^ Lu collaboration 
with Chamberlond^ Kou^, and Thuillier^ recogtiis^ed chat inoculations 
performed under the cerebral duminnter with the emulsion of a 
fiiigmenl of bulb taken from a dog which had died from rnblcs were 
certain to transmit the diseiii^. Using a rabbit, if the inoculations 
are made in scries, the ’liralento incrcascg—that ia^ the time of incu¬ 
bation rjiminishes: it becomes only G ur 7 days after a hundred 
passages and from this time it no longer varies;; from then on the 
virus is llxetl. 

If the spinal marrow' of a rabbit which has succuml)ed lo an uitx-u- 
latioti of the 6.ted vims ia suspended m a sterilised thidr coutairdog 
a substfcuuro free from wateri such as fiaguicnts of potassium, it was 
learnetl tliut under the mfiuence of drying the viruleaco diminishes, 
and at the end of 1-1 days the orgnnbni becomes iiecustonicd to 
supporting viru^s more and more active^ As the incubation of the 
disease—that is, tlie time which elap^s l>etw'ceii the bite and the 
lii-st sytpptomts—lusts a very long time, and as the process of render¬ 
ing immune is relatively rapid, the refractory state is successfully 
reached befure the appearance of symptoms, 

Tlie trejitment varies according to the location, tJie extent, the 
depth* and the number of bites. It lasts from 15 to 22 days and 
consiste essentially in injecting at dilferent intervals friigiiients of 
marrow, beginning with tho^^ dried for 14 days iind gnulually 
progressing to those dried only 3 days* 

It is useless to dwell on the results obtained- Pasteurs method 
is causing the gradual disappearance of mbics, and the time can 
lie predicted when tlus temblo infection will joiii smallpox and 
nuthnix in the group of historic disea.scs. 

Against smallpox, anthrax, and rabies immunity is secured by 
means of living vdrus. It is know'n to-day that nil the effects pro- 
ihiced by miembes are due to sulTbtanccs wMch they contain or 
which they itwrete. Expeiienco shows that it U possible to obt^iin 
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immunity by introducing into the organism either sterilized cul¬ 
tures, liquids of the cbtltnre free from mtcrobc^f or estmcts of tlio 
bacteria. Each of those dideront metliods has to its credit n certuia 
number of experimentul sucoossoifi and admits of practiciil applimtion. 

The prophyJaxis of typboid fever bus attracted speciiil nttention 
and incittn] ntinierous researehea. After the 6rst attempt) of Clian- 
temosse und liVidnlj it was eetabUshod through the work of Wright 
dmt cultures sterilized hy heating con be used. It is only iiecetssary 
to take care not to exceed a temperature between SU*” and 3(i“. Even 
within these limits heating bis the drawback of weakening the 
ability to render immune. It has also been proposed to sterilize tlia 
cultures by tlie antiseptiffi phenol, chloroform, ether, and iodine, 
.\nd for some time there have been used in practice the autolysats of 
microbes. It Ls known that the pnotopla^ of bacteria, as all living 
protoplasm, contains digestive ferments. I>eft to themselves under 
unfavorable conditions the ocUa are dlgested^that is, liqueRcd by 
the ferments whldi they contain. This autodigcation is given the 
name autolysis. On tliLs principle is based the vaccine of liL Vin¬ 
cent, But oa among the higher plants innumerable varieties of a 
single 6|>ecies are known (it will be recalled what the horticulturistB 
have obtained in growing roeos or chrysanthemums), so in eadi 
microbe species we should distinguish the varieties or rsices which 
close Bttidv permits us to differentiate. That is why, in tiie prepara¬ 
tion of vaccines, bacilli from different sources have ijcvn usid. The 
polyvalent vaccine of Val de Groce is prepared with 10 different 
specimens. Tltey are sprinkled on a liquid solidified by agar-agar, 
and after 48 hours In the incubator the cultures are taken out and 
their surface sciaped. Tlie bacilli thus collected are put in salt 
water to lx? macerated. The liquid is agitated at different intervals, 
then at the end of 36 to 40 hours it is submitted to electric ceutrif- 
iigaliKation to be clarified, and ffnally it is sterilized with ether. 
Four injections witli this vaccine must be made ut intcn’als of eight 
hours to confer absolute immunity against typhoid fever. 

The different antityphoid vaccines give excellent results. Tiie 
trials made in tha Army have demonstrated their efficacy and their 
harmlessnesa. The only effects observed during the time following 
their application arc a slight discomfort and n small rise of tem- 
]ierature. Biit these manifestations arc ligiit and passing. So it is 
with good re^on that compulsory antityphoid vaccination has been 
decreed for the whole French Army, lljis measure is the moi-e 
important since in lime of war the rate of .sickness and death from 
typhoid fever is exti^ely high. Even with the precautions taken 
there is a large number of cases, but tliese occur only amoug those 
not vaccinated or insufficiently vaccinated. However, even among 
^hose who have received the necessary inoculations, infections simi- 
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lur to typtoid ftjver, but milder, oc^itir quite often. These are pars' 
typlioid fevers. They are due to the paratyplioiil bacilli, of which 
two principal varieties ore describedT designated by the letters A tmd 
B, These two types aio related to eadt other and nIso on the one 
hand to the typhoid bacillus, on the other to a microbe very wide¬ 
spread, the colon liacillws, by a series of Intermediary forms. The 
antityphoid vaccines are powerless against these microbes, and a 
study is now being undertaken to find means of preparing either a 
single active vaccine for the whole group or a special paratyphoid 
vaccine. 

It has been thought that, instead of injecting tlie vaccine under 
the skin, it would be simpler to introduce it by the digestive tiset. 
This new mctiiod is too recent to permit of a fmul judgment. What¬ 
ever its lot may be in the future, it would be hazardous to u® it at 
present^ during a war is not the time to begin such an expen- 
ment. Prudence demands that we use only methods of procedure 
whose efficacy is indisputable- 

The leas the condition of the microbe in use is altered, the stronger 
and more lusting is tlie immunity obtained by vaccines. For this 
TCoBou the heating of cultures has liwn gnulimlly diminisheiL At¬ 
tempts have been made to replace the heating process by antiseptic 
substances; and, finally, the systematic use of living cultures has 
been proposed. 

Nicolie ml vises introducing into the veins living micn^bes fretHl 
from .'ll! soluble matter by u prolonged washing. It has Wi nmdo 
certnin ihnt this method is innocuous and that the bdeteria injected 
remain in the organism and arc there dcsti’oj’ed. Tliis discovery is 
important because it might have been foarcel that a person vscci- 
nfltcti, like one having the disensj, would throw olf living dements 
and become a source of contaminatiou. This method of procedure 
admits of numerous applications; it is guccessfui in giving immunity 
against, cholera, dysentery, and whooping cough, as wdl os against 
typhoid fever. 

If we seem to be especially occupied with this last infection it is 
because its frequency and its eeriousuess hold first place, especially 
in oiir landfiL In countries with a warm diiiuile vaccines are fre¬ 
quently used against cholera and against tlio plague. 

The study of anlicholera vaccine, begun by Ferrnn and Oaraal4ia, 
bos been continued by ITafTkine. Tlie living microbe i« gctierally 
used. On the contrary, HafTkine uses against the plague, cultures 
steriliiiod by heating to 70®, 

The immunity created by tlie passage of an infection or by the 
introduction of a vaccine is chiefly charnctcriKcd by cjellulnr modifi¬ 
cations whidi lead to humoral modifications. A vaccine docs not act 
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like nn antiseptic or nti untidrit^^ The organic iimler the 

intiucdce of the vaccine, secretes certein substances, or^ better, modU 
fies the condition of the blood, and this liquid is given new properties. 
Imniimitv results not from a simple impregnation by useful pj ™IiictSt 
but from a reaction ngainst harmful prtKiiicts. For this active im¬ 
munity to be established, a certain amount of time muM be allowed 
after the time of vaccination. When it is necessary to act i|iiickly— 
for Lnstauce, wlien a ffjreigner arrives in a eniintry swept by clioleru 
or the plaguo—instead of a bacteria] vaccination, it ia preferable to 
nse serum from an animal rendered immuticu The two methods must 
not b© coafotmdei,b Semtherapy, or serovaccimition, consists in 
treating or rendering a fierson immune by means of a blood wti-um 
of nn animal previously vaccinated- The animal has i^'ccived the 
microbe-bearing prcKluct and lias reaetcti from it; be Las acfjuirefl 
active immiinkVi The serum of his btood acta almost like an enti- 
$»eptie or n specific antidote. From the time that it iiupregnatva a 
new orgimhini it protects it from infection and the orgawi^cm diars 
not need to react; it lakes no part in the action. Tbu.^ it is siiid, 
as opposed to the preceding case, that a aemixi produces a passive im¬ 
munity. 

Pojssivc iniiiiunity develops rapidly but is not lusting. Hic two 
metlioik of procedure may be combined—^the ^rmn in nJcohol may 
1^ injected, followed by the vaccine^ or, better, an injection of n 
mixture of tlie soruni and vaccine may be itiiide. 

Starting frestn tbofse results Besredka has proiioscd a new 
medicxl—vacGJiiution by .^nsitis^cd virus. The mjcroW^J placed in 
contact With the serum from a vaoclnated animul are impregnated 
with thb ^rum and Jose their tueai^ of defense. They ean no iougr^r 
resist the pLagocj'tes—tlmt is^ the cells capable of absorbing and de¬ 
stroying them. At pn‘.sent they are enUed sensitized. But an excels 
of scrum is more harmful than iisefuL So it is necessary to take 
care, befor© mjccting the microbes impregnated with the serum, 
to wash them carefully in suit water. This is a new method which 
has already been applied to a large number of diseases. Metchnikoff 
and Besredka recouimend it as eflicacjotis against typhoid fever, and 
after experiments made by them on elumpan^ecs they conclude that 
it IS superior to all other methods of procedure. 

The bacterial vaccines serve, as we have said, in rendering normal 
organisms immune from danger of infection. Ft has hnn\ asked 
why they would not be useful in fighting an eristing infection. As 
a result there has arisen a new^ method given the name of vaodnu- 
therapy, or, better, barteriotherftpy. 

Tlie trial is due to Koch, who proposed to combat tuberculosis 
by mjeeting into subjects a special product, tuberculin, which is only 
ISOIS*— PM 1015—^ 
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an i?stnict of the cultures and tUc protoplasm of tiiberciilofiis bacilli. 
Thfl results have been widely varying—often bad, Bometimes favor¬ 
able. It may be that at firet too strong dos® were used. In aiiy 
case tbe product has not the effect of vaccinatlon and its therapeutic 
use la not free from danger. 

Tile work of Wright especially has sttracted attention to bac- 
teriothernpy. The WrigJit vaccines are used against typhoid fever, 
melitoctiocu^ infections of streptococcus, and of stapliylococcus. A 
certain (luantity of microbea killed by beating is mjected into the 
subject, \nicn It is posadble a Hisecimen taken from the dek person 
bbnscif is used, antomccines pjodnuing appreciably better rcsults- 
Bv thus introducing bacterinl products into a diseased organism the 
csllular reactions nro stiinnlated. Thus, by the indirect pruceas of 
favoring tho dovelopmcnt of nn active uumunity, the meani, of re- 
alstnnco against infi'ction are aiigmentod. 

Thus brief summary shows the importnnt results obtained l>y prac¬ 
tical moilicino from exficri mental researches, Prophylicsis and thera¬ 
peutics have been completely revised by the vaccines and serm^ 
But it is important not to confound these two terms, and to distin- 
giiifih clearly the methods which they designate. The word ** vac¬ 
cine” shoiiid be reserved for products of imcteriul ot-igln—ttiut is, 
for living microbes, weakened or modified—for bacterial antolysuts, 
and for soluble matter eacreted by the bacteria. Serum, on tlm con¬ 
trary. is 11 pi'oduct of animal oiigin coming from an individual pre¬ 
viously renden^d Inunune, Vaccine urouses in the or^ism defensive 
reactions; it creates an active immunity. Scrum impregnates the 
organism and establishes a pasKve immunity. 

Active immunity rtiquires several days to develop, but lasts a long 
time. Passive immunity is immediate, hut quickly, diaippears. Vac¬ 
cine is espociallT a prophylactic means, used more often to prevent 
than to combat infection, Seriun is at the same time a thcrapeutia 
nnd a prophylactic mcdiutn. 

Thanks to serotherapy, mortality from infections and especially 
from diphtheria has greatly diminished; owing to raecination, sick¬ 
ness has declined. Smallpox, rubies, and anthrax: have almost passed 
out of exietem-c, and the time can be predicted when other infections, 
cfipccially typhoid fever, will in their turn disappear. 


PROCURESS IX REOLAlilATIOX OF ARID LANDS IX THE 
ireSTEKN UNITED STATES.* 


By J, H£aj»le^ 
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The inodamAtmn of arid lanils by the Federal Hovemmeut hns 
luovcd steadily forwund since tlie pwssage uf the Newlnnd!^ Ae-l in 
1902, in sjiite «f the numerous and intricate problem^ arising, many 
of which could not be foreseen prior to tlie enactment of the funda¬ 
mental law goneming the o;jcn)tioTis of the Reclamation Sen-ice. 

The Service has added some notable structures to the engineering 
monuments of the country. It has built tbn highest dam in the world 
on the Roise River, Idaho, imd the one storing the greatest quantity 
of irrigation water on the Rio Grunde, New Mexico. Its reservoirs 
are capable of holding 6,500,000 acrc-fcel, or two thousand billion 
gallons of water. It lias escavaied 130,000,000 cubic yards of earth 
and rock, placing 12,000,000 yards in dams and forming conduits ag- 
gregiiiing 10,000 miles in length, indnding 25 miles of tunnels and 
85 miles of Qnmes. Its ciinals pkoed eud-on would circle the Ignited 
states. Its structures of ail binds, largo ond sniaR, diiuM, bridges, 
canal drops, checks, and the libe total o^-er 70,000 in nmuber. 

Tlie works so far constructed make water available for I,r>001>0a 
acres, niitl the projects Under way when cumpleted will provide for 
nearly as much more. For tills grenter area the priueijml works have 
in large measure already been built, such as storage rescrvoiis, di- 
version d&ms, and mam canals, leaving to be added the necessary 
exteuainus to tlie distribution ^stenis. 

As incidental to the construction of large irrigution works the 
^rvice has engaged in a wide variety of engineering effort^ includ¬ 
ing the oonstruction and operation of roads, telephone systems, [lower 
plants, transuiission lines, and even railroads. On one"project Port¬ 
land cement was mnnufactored and on several others the material 
known ns “sand cement ” has lieen produced nnd used to advantoge. 

But as Varied and Intricnte os are the engineering problems in- 
Tolved in Government reclamation work, of even greater dilGcultr 
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flttj the succwding problems of settlement imd Titilization of the 
TTorks. Tlicse later prnbletnsT mvolvLug tlie biimim element^ less 
stisceptiblo of mathcmAtical etatcmentT reciuiro co^^e3I>^>ndingly more 
judgmeiit* as well ji& patience and tact. 


Fh]. L—nduiHtlm pvpf*^- 


The physical management and operation of an extensile reservoir 
imd canal in. which iho quantity of Qow ig regulated at all 

point^^ and all times accor*;Ung to defdgtu h in itself nn intricate 
proldenL akin to railrond managenienu but in addition this already 
involves dealing with 25^000 individuals who are dependent on the 
Government sj^stems for the moet vital minisite in their daily occu¬ 
pation of irrigation farming an<l who are depended upon in tiini 
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to ivpuy to the United istates the large investment nmile in building 
the works. Thuit in n sense, the Hoclflmation Serviws stands midway 
between the water users and tlie Xation, owing a duty to each and 
netponsiljle for the protoition of interests that may sometiuu^s ap¬ 
peal- antagonistic, making the service « nutural target for eriti<‘isin 
from one quarter or another. However, a broad riew of tbo rela¬ 
tions lH?tween the (lovemment and tlie irrigators will usually show 
their interests to coincide, since the (iovemment has tiiado largo 
itivesliuents in reelamaticn works, tlue return of which to the Xa- 
tiotml Treasury is directly dependent upon tha buc«^ of the settlers. 

Among those entering public lands are many with no experience 
in irrigation and often little or nemo at farming of any kind. Even 
with water brought to the edge of his farm, the pioneer irrigator 
has much hard work not common to farming in older humid scttle- 
iiieiita. The land must be cleared, ditched, and carefully graded to 
receive the irrigation water, which must ho manipululeil with skill 
to prevent loss and damage. Capital is neressniy to prepare the 
laud, erect buildings, wpiip nnd stock tlie farm- Many of the pj^li- 
lerns attending a new agricultural community brought quickly i n t o 
being relating to emp selection, diwase prevention, transportation, 
nnd marketing of crops, call for cooperative effort and must be 
worked uut for each projects 

In many of these uintti'i-s the Reclamation Sendee con act only 
l)y suggestion, being limited rather narrowly in the powers given 
by law, 

LAW. 

T\'}iat may Iw regarded as tlie “'Organic act ” governing the opera¬ 
tions of the Jleclaiuatiun Service became law in .Time, 1002. and in 
csimmonly c»ll«fl the reclaiiiatioii act. Thus remains the principal 
legLilntiun, hut has been arntiided and supplemented from time to 
time in important details, particularly by what ia called the reclania- 
tion extension act of August 1&, 1014. Tlie broad features t*f the 
existing Jaw provide fur the following: 

1. rocloniatlan fonil af tha rereliitH from tbe cIIsimimiI of public 

InnOs Id tbe arid Slntw nmlvr the previsloua of the vartiiua lnn<1 InWiL Tlie 
fttlal how siiproxUuatcH a hundrvil innilon tlollanei 

2. Tile coQHtnicUoa of IrrJ^ition njatimaji to water iMihllc uud nrlvuto la a t K 

Jt. fTnctIcallF fere entry to the pub tic laofls nuder the Irrigation proJectN: 

limiting nny oue clttzen to a farm of mjdi atze as la i.-apabte of ih]|i[iortiDK a 
fuiulty. 

4. fintMlIvlaloh of tUe private lauds t»y tulo Iq anutil trtirt.<<, Hroltkiig me ana 
lo wbU'li Wilier will be furnbibed new Indlvtilanl tn tOO aen-es; 

R. lU>(mynient lu «mj' tertuo, extendliii! iiver a hunt jierlotl, of Die coat of 
bii lhlEna tUc workn by ihe bid tiers of the InfnlH bunelliLiJ. itw inouvy golni; ImicIC 
Into tbo rreluumlloD funiJ for asc on other jirojucta. 
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One feature of the Inw that has been criticised is the absence of 
any test or i:|iialiticati<m for $ettkrs on tlie reclamation projects. 
Any citi;^en who has not exhausted his homestead rigiit may take 
up a farm unit- Jlany come in who arc unfittefl for the^ arduous 
task of developing the raw land or who lack the neceasary capital 
to develop tlieir farms and tide tliem over tlie nonproductive period 
at the start The result may be disastrous to the mdlridunt and 
ptistpiioes until his successor Lb establisbed tlie pu^Tnents to the 
United States for building the works. 

Another point of weakness relates to the private lands within the 
Government projects, Tliere b naturally a tendency to hold these 
for high prices, auch that large owrners may realize great profits or 
^unearned increnient^* due to the Government c(>nstruction. The 
reclanmtion act sought to force iiuialivision of large holdings by 
limiting to ICO acres the area for %vbicli any person could acquire a 
water right This did not prevent the owners from holding the 
execssK at high pricey and the recliiniatioa extension act seeks to 
meit the situation by providing that to be mduded in a project the 
areas must l>e sold at a price fixed by the Secretary of the 
Interior. The efficacy of this provision has yet to be demonstrated^ 

The principal change in the hiw nnide by the extension act, how¬ 
ever, was to prorido ci^sier payments and extend tlie time in which 
the irrigQtorg are rwjuired to refund the project cost^ The act of 
1U02^ provided for repayment in 10 annual iiistallmeiitSw Tlie exteii- 
eion act spreads the pavinents over 20 ycara^ In the case of a new 
entry or application only an inilial pa\Tneiit of 5 per cent is required 
in the first fivoyears^ Tliis gives the settler a liberal periotl in which 
to put his farm on a producing basis, dudug which he niiiy apply 
his CELpinil to that end unhampered by the necessity of meeting 
payments on tJie water-right charges. A bbcnil extoudon. was im^ 
doiibtedly needed in a great many coses and tho first effect of this 
recent legislation Lob been to create a better feeling between the 
water iL^ts and the Government with the increased bope of suecess 
in establishing permanent homes. 

Atiolber important feature of the extension act, in line with the 
policy of the fullest possible cooperation between the water ii^rs 
and Reclamation Sorxice, is the proviBion that after the constmetion 
cost is once fixed by public notice it may not be increased througli 
addiGonal construction except after approval by the water users, 
e.xpressed througli individual vote or contract. 

WORK. 

The Reclamation Sendee has completed *53 pmjeets or unite to the 
point wliere the systems arc operated and water supplied the fanaors 
fpr croi^ prcHluction. 
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Ill this connoction it is wpll td nota tlit difSctiity of lixinj^ ah cxAct 
time irhen u lAtgo mlaniution project Is pliysicjiUy completed. Irri- 
gTiition mAv EtJiirt with the compictlon of the first portion of the cuoat 
find iAteraJB, but tiie construction of the rest of the system may estund 
over A titimber of years and yet Jieep well in advance of setlleieent 
and development of the irrigable lands. \ Jwtter knowledge of tlie 
dependency of the water siipply gained during these years by further 
measiiroment and study may warmnt additions to the canal aj’stem 
and the aren covered. Or the development of the new community 
may siifliciently advance lend values to justify fiirtlier e:rpenso to 
increase or con.servc the water supply, as by building added storage 
works or lining the canals with cojicnete to prevent seepage loaisea, in 
either case permitting additional land to be served. 

Thus the project us a whole becomes a grooving thing, and is not 
to be compared to a single definite piece of construction, such ns a dam 
or office building, but is similar to a city or milroad system that in 
fl seiiiie may be regarded ns never complete. 

Nor is the matter of completion made definite by reference to the 
plan before construction, for we cominoidy find tliat during the carlv 
history of a large projHJCt, while it is Iwing investigated for coji- 
strnction, the conCTption of what the project finally will lie suffers 
mdi«ii ctianges with the surveys of canal line,'? and irrigable ar^os 
and t!ie acciuiiulation of information regarding the water supply, 
soil qimlHy* nnd ifthisr factors. 

Tlie Government projccLs now operated are listed in Table S. which 
sJiowB that tlie Itcclamation Service delivered irrigation water to 
760,000 acres during 1014, but that the systems were constructed well 
in advance of this, as noted above, being capiibk of serving 1,240,000 
acres. In subsequent pages the principal projects arc briefly de- 
scrilwd with un outline of the work done annm former reimrts.' The 
follow ing tabiiktioii gives some idea of the (piantlty and diversity 
of constiuction work done by the Service mj these projects. 
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CBOPS. 


Tbe irri^ted loiid^ Ere Already prodiicmg nn luuiual crop wortli 
up%vard of $l(5j000i000j which should bo steadily increased by ipore 
intensive farming ^ well as by ihe devdopuient of udditiomil limd. 
In 1014 the farmery cm the Govemmant projects harvested irrigated 
crops from over 700,000 aereSi Tlie ^0,000 acres listed as irrigated^ 
but not cropped, represent mainly young fruit trees and newly 
seeded alfalfa. 

Alfalfa dominated all crop statistics from the irrigJited areas (pl^ 2, 
fig. i). It doeupies nearly half die cropped acreage and ;\de1ds over 
one-third the total emp vahicL Its many virtues readily cKplnin this 
|>apulurity« Once cstablishod, or a stand” secured, it is u hiirdy 
plant and continues almost bidelinitely to furnish good annual yields 
witliout re^'ding- It gives jpcveml yields or cuttings eucli year. It 
is a kgnine with tha peculiar power of drawing from the atmosphere 
die nitrugen la which the soils of the arid region are often deikient^ 
and leaves behind more than it found of this most valuable of plant 
refpjirements* It b the deepest of submilerSr penetrating with its 
many roots to a remarkable depth for the other essential elements of 
plant growth and improving the physical condition of tlie soiK It 
furnishes a htiy of superior quality for conditioning and fattening 
stocky ijo elective in fact that its medicinal value is now l^eing 
utilised for humans, 

A wide variety of other crops are grown on the Government proj¬ 
ects—hayst cereals, fruit, sugar becLs, and wtton, as well as garden 
proiluets. Barley is tlie leading coreah lar^ly replacing com in 
importance in comparison with middle weaiern farmings \ con- 
siderabk area b devoted to grains little seen in the humid States 
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Plate 1. 
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flud belonging to the soigbim-eom ftniiily, ixidudltig Kndr corn 
and milo lunke. Bcet-sttgar factories have been establiiitied on a 
Diunber of the projects, contracting with the fatmera fnr a profitable 
crop on a large acreage. Cotton bns furnished an industry of im¬ 
portance on the southern projects, but this has been set back by the 
ad versa market condition following the outbreak of war in Kiii-opo. 

Fruit gi-owing is naturally slow to become general, owbg to the 
capital requirKl and postponcjijcnt of xeturns; but the industry is 
making steady progress and has become of major importance on the 
projects peculiarly suited to it Tlie Sunnyside Unit in Wasliingtoii 
is the home of the famous Yakima Talley apples, and in IftU pro¬ 
duced over a nxUIlon dollars woHb of fruit Ipl, 3, fig. 2). 
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■^IjIBFAOE AM> DUAlNACiliL 

Wien work in the nature of su]>plempniftl construction, 
referred to, becomes desltuble, it U usually for the piirpt«e of aram- 

injr the irriuated tracts «f eaccess water* ^ , 

One of the important things to which ottention must be given 
after an irrigation system is completed and put in operation is i^n 
protection of the irrigated lands from lajcomitig scoped and water* 

logged, destroying their productivity. , ^ i ^ 

In Uie use of tlie irrigation water, there is more or leas o® doe 
to the appUcation of a larger quantity than can be reUined by the 
soil and given lip to the plants* The amount of water which smU 
below the zone of plant growth and is wasted in th« 
upon tlie perfection with which the land S™ded and ibUhed ^d 
*1^ «.™ rtnrl skill tiaed by the irrigator m handling the water. bntU 

quJtitv »f pe^idred !<»■ th, 8r.™.s «>m, 

wastes are to be expected from this cause. Mliere, tlm 

the cose* eartlien canals are used for eanymg or di^ributing 0 
wl“ iLere is more or less loss by seepage from diese cUann^. 
Tins losm U.getber with the underground waste 
tends to mi tlie soil and rai^ the water plane 
water. IVhcn this is raised above certain limits tht irriga i y 
the land is destroyed, since plants can nut thrive m a sod the inter- 
of ’K’hi.ob ttfo tilled with 

To nrolect lands from Incoming thus seepeil and water-logged, 
it is ieiitial that the [wisitien of the ground watere be known in 
order to prevent tlieir rise to or near the surface, rendering the lands 
Ifit for cultiration. Occasional ohservattons mu.t ^ made at 
various points to determine Uie elevation of dm ground water and 
whether or not it is rising- This is done throiigli the Tiiedium of 
wdliS. Wlien ft rise m tb« water pintle is noted and tb^re is danjjpc 
of it coming too near tlie surface, action must lie taken to prevent 
it. The means employed to lower aiul control the gn^und-wster aim 
at the prevent iun of losses from Cftimla. the reduction of the ninonnt 
«f water applied tu the soil in irrigation, or the construction or 

drains for carrying out excess waters* , « 

DrftiUftgf works have lieeouie ii(?cessarj' on a numbdr of the (iflv- 
emnicni projects, end a total of 500 miles of drains have been built 
to relieve or prolect about 100,000 acres. The types of drain used 
include Imth covered tile lines (pi* 3, fig. i) and open ditches (pi. 3. 
fin. 2). Tlie latter largely predominate, as they have lieen found 
thtoiigh ex[»rience to give very satisfactory service, while tlie efti- 
ciency of the die lines may l» seriously impaired by accumulations 
yf sand or by moving out of line. 


SnilrtuonliA Rirpoi:,. iSiS. — 


Plats 3. 



1> Lavjhq Tile Drain, Huntlet Project, Montana. 



2. DR ABLINS E^cavatenq Op£n Drain DrrcH, Prouect, iDAHa 
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Roosevclt Dam, with Full Res£Pvoip aitd Water PASsri^o Over SpiuLWAva, 
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^AlJr lUVEF* FROJEtTT, A HI KONA, 

In AristoDA the flow of Salt Ri^nr has been iililizeii bo irrigato 
nearly ^00^000 aeri??: of fertile land sniroonding the State capita L 
Storage is provided about 80 milfis above Phoenix by the fatnotifs 
Roofsevelt Dam, a rubWa tnaisom-y arch in the river canyou 2S0 feet 
in maximum height and 1,1^5 feet along the cn^i- This jipves a 
reservoir capacity of 1,301^300 acre-feet^ or over 400.000,000,000 gal- 
loiiy. A notable event in the history of the project occumed in Aprilj 
11*1whenj four yea re after completion of the dam^ the reservoir was 
filled and for the fir^at time water passed over the spillways (pL 4). 
The structure stood the tei^t perfectly* and, excepting some erosion 
of the spillway channels, the excess flood water was discharged with¬ 
out harm fid eiJecL leaving snfficieot borage to insure the project 
water supply for several years. Stream flow records for 2o years 
indiwite thiit, with the erratic nin-oll of Salt River, the resenoir 
may be expected to flll by fl^ieds nl imgnlar periiHha, bat that an 
Decusional series of years of lean ruii-o(T will empty it again^ catising 
a teiiipoi-ary aliortage of water, followed by another pcriiKl of heavy 
run-off and a full reservoir. Tins stutly of the dbichurgo of the 
streams of our arid region shows a tendency to these cycles of rehi- 
tiveiy wet and dry periods, but with ivKords of SO or oven 50 years 
it is quite impossible to fonnulate any law m to their recurrence 
or predict the time when strict economy in the use of vrater wdll next 
be nectT^5?iary- Some broad-minded men regard these occasional years 
of sau*citj as a benefit, A plentiful sulpply of irrigation water 
tends to encourage overtisc and careless handling, resulting in woidc 
and rise of grt^iind water, often niioing the lower fttrm lands by 
seepage and resultant concentnition of alkali. The periodic year of 
scarcity may thcrefon? be n blessing in disguise, forcing Iwlter prac¬ 
tice in the use of water and demonstrating the truth that beyond a 
fsertain jiioderate use a greater supply means an actual reduction in 
tlie crop value. 

From Roospvdt the stored water is piisseil flO milea down the river 
channel to Graaite Reef, where the diversion dam toms it into canal 
systems north and south of the ^stream. Over 700 miles of main 
ranals and laterals have Iwen excavated to dL^ribtite the water to 
the farmers* The opporttmities for hydroelectric ilevclopmcnt cre¬ 
ated by the construction of the irrigation works have been utilised 
liy building power planbi at the base of Roosevelt Dam and at sev¬ 
eral points in tlie c'zmat system where iietH^^iiry drops afford good 
heads. Transmi^on lines have been bililt^ delivering power to the 
several towns on the proji^ct* including the city of PBnenis^ where 
it is used for lighting and trujniifnchiring, und to near-by minrng 
industries, to which the surplus is sold. Tlie receipts from power 
sales are credited to the project^ working u reduction in the total 
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smount tventtially t* be wpajJ by the irrigators for the eonstructtoTi 
uDd otKradon of tlie project works. 

Except for a few minor details Uie project is regarded ns complete, 
and in ISIS about 190,000 acres were actually irrigated. Crops 
werth from four to Eve niUlion dollars are annually harvested from 
Uie irrigtited lands, the cultivation of which is practically continu¬ 
ous, iwrmitlbig the sowing and liatreidingr of two different croi»s in 
the sjkmc field within the year. A wide variety of products lue 
grown, Al fiilfa occupies about ono-half the producing wcreagCi 3 ield- 
ing as many as five or six cuttings annually, tor this tlic farmer 
may secure an averaga price of $0 per ton, but it is l>eiUer practice 
for him to feed the bay and market his output in the more conceu- 
troted and profitahle form of live-stock prwlucts. In 1914 cotton 
growing liad reached estensiva proportions on tlie project, the crop 
from 11,500 acres brioging a return of $T 1 &, 000 , but the drop in price 
attributed to the European war has led to the substitution of other 
crops. Of the grains, barley, wheat, and tbe sorghum corns arc the 
largest produt^rs. The waiin climate lends itself to the growth of 
citrus as well as deciduous fruits and producing trees hove been es- 
tablislied on a considerable acreage, which is expected to increase 
mjiterially in future years with a gradual development towin-d In¬ 
tensive agriculture, 

TUM.V PROJECT, AtttZONA AN't.' CALlKOItMA- 

Above Tiinin, Arizonn, has been comunicted tbe Lnguna Dam, a low 
overflow stmeture of the Indian weir type, 4J80 feet between abut¬ 
ments and 2 G 0 feet up and down stream, with a maximum height of 
■Id feeL This turns the water into canals on both sides of tbe river 
for irrigation in .Vrisiona and California, The main canal heads on 
tbe California sitlc, and after covering lands on that side crosses the 
river by means of an inverted siphon. This fltructure, completed in 
1912, consists of two circular concrete shafts potmeeUtd by a circular 
concrete-litied tunnel 14 feet inKide diameter and 9.10 feet long. The 
siphem delivers water to the canal ay stem covering the largest portion 
of the project in the Yumn Valley, Amona. On accoiml of the low 
elevation of the trrignbk lands and their conse<iuent liability to 
overfiow from the Colorado l^vor it is neceasafy to provide an ex¬ 
tensive Bvsteni of river-front pi-otcction. The principal work during 
reeeiU v'eare has been on this feature and the extensiaa of the canal 
system, which Is now competent to water 70,000 acres. This will be 
extended to cover nhoiit 90,000 acres, and an additional 40,000 acres 
m the Yuma Mesa may he reached by pumping. 

About 30 ,WMJ acres liave Wn irrigated and the annual crop yield 
m approtichiug a million dollars. As at Salt Kiver alfalfa is the 
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principal crop and a iargB aereago is here permitted to ripea for 
see*it which in 19U brought the farmers S160,000 from 5,500 nrres. 
Cotton has also proven very profitable on this project and with the nid 
of the Department of AgricuUura TBrieties particutarly suited to the 
locality have been imported or evolved. The cotton industry, now 
temporarily suiijHmtled by the abnormal market conditions, is bound 
to revivo when these return to JlormaL Other profitable crops in- 
rltide tho cereals. S4iirghum corns, cane, vegetables, and truck. Fruit, 
especially of the citrus varieties, will undotibtcdly mcrvaso in iio- 
]>ortnnoe with development of the project, particularly on tho mesa 
lands yet to be reached by the eanul system. 

OBt-AM> PROJKCT. C’ARIFOIINIA. 

Near Orland, California, hfls Ijcen completeil a relatively small 
project, or what may be regardc»I as a se|Hinite unit of a largo Sacra¬ 
mento Valley project. The East Park Dam on Little Stony Creek 
forma a re.<a;rv'oir storing the water of Chat stream and of Stony Creek, 
the latter brought to tim reservoir tlirough a feed canal. By means of 
two diversion dams near Orland the water ie taken out of the stream 
channel into canal systems supplying an area of 20,000 acres favored 
by cacoptional soil, location, transportation facilities, mid climate. 
The project has been enlargSid since former statements by Improv¬ 
ing tlie^ water supply and extending the distnbution system to cover 
an additional 0,000 acres, A diversion dmn has liecn built in Stonv 
Creek near tho headwaters and a feed canal excavated to convey 
the water thus devdojjcd to East Park Reservoir. Xear Orland 
separate diversion works have been built for north and south Bade 
canals. In accurdance wdib the plans for the present the system is 
now practically complete and ready tosen'e the entire 20,000 acres 
In 1014, 7,300 acres were watered, producing cropa worth Sl76,000. 
High priced products nre grown on this project, including almonds, 
olives, oranges, gmpes, aud other citrus nnd deciduous fruits, nuts, 
and gaitlen truck, iis well as hay and forage crops. 

<5K.\XP yjVLI.ET PRO.TJiM7r. COLORAtXl. 

The plan for this project was briefly outlined in the Smithsonian 
rBjxirt: for IPlO, stnvc which construction has been undertaken and 
about GO per cent of the work completed, 

Tlie diversion dam has been built in Grand Eiver about 8 mdes 
northeast of Palisade. The presence of a railroad along tbe riv'er 
bank and the great expense involved in moving this to a higher level 
led to a somewhat novel constnictioa. It was neccsairy to control 
the stage of the stream closely and on the approach of floods lie able 
to release quickly the back water caused by the dam. For this pur¬ 
pose a roller crest structure was built, one of the few and the longest 
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tUat hils been constructed in this country (pi. 5, lig. 1)* The per^ 
moment crest of concrete is erected nt a. reLfitively low level nnd iilwve 
this ftt W and 70 feefc inlerva^Ls rise concrete piers contuiuing the 
openiting mechuTiisni for the structural steel rollers The lutter 
esetend between the piers and mny be lowei‘ed to form u water-tight 
junction with the concrete crest j diveiiing water into the project 
caiuiU or nmy be ijiiickly rah^ to pa^ water over the weir* 

From the diversion duni the main eanul follows what is locally 
bmiwn as the *^hjgh line,’* and piercing several hills by tuimet-S 
proceeds in u general westerly direcriont passing north of iirand 
ilnnution, l- ruita, and ilaek, and supplying Jihout 43,000 aci-cs of 
land above the older private canals of tins valley^ An additional 
10,000 acres may be ’n^atered by pumping w^ith pmver developed at 
drops in the canal The land Ss particularly suiiabk for (ruli giT^w- 
ing and capable nf producing rro|>s of high value:. 

There remain for construction part of the ntain canal and dis¬ 
tribution system} tho ptiwer and pumping works?, ami ptissibly some 
drainage works. Imgation will begin on this project in 1916* 

UNCOMI'AHGRE VALLEt PROJECT, COLORADO. 

Here the Tteclamation Service has built the fJnimison Tunnel Ur 
bring water from tho Chinnison ICivor to tho valley of the Un- 
compahgre to supplemcut the meager flow of the latter stream. A 
number of eanal systems heading in the Uneompahgre will distribute 
the water to about 140,000 acrefi- Irrigation has been practiced here 
for majiy years and the prineipal private Canals have been purchased 
or absorbed in the Governnient system to pcrtnit change or enJarge- 
nient in a comprehenave development of the- pnsssnbilities for irriga¬ 
tion in the valley. Work is in progt^ on the canal ^'stem and this 
now- reaches 05,000 acres, of which 40,000 are being irrigated. The 
crop production has steadily grown, approximating a million dollars 
ID \'flliie in IPIS. Dccidtious fruits are suoeeiiBful on the Irri^tcd 
lamhi and gDt>d yields are obtained from alfalfa, potatoes, wheat, 
and oats (pL 13), 

pROJEirr, idaho. 

One of the largest projects nearly complete^l is the Boise in Idaho- 
Tliis is about equal in area to the Salt River and involves tim storage 
and diversion of the w'aters of Boise River. The rcssm'hir is formed 
by the Am>wrock Dam (pL 5. fig. 2: pL 6, %s. 1 ami the highest 
in the worlil, a nibble concrete iirth rising 3&0 fLHit above the lowest 
point of the base and measuring 1.075 feet along the cre^. The inac- 
cossibility of this site and the large amount of material to be hauled 
in for the oonstmetion made it economical to build a iT-mile railroad 
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(p]p 7 ^ fig. connecting the wiili the neai^ railroad at Burbcr- 
ton. This short railroad^ built,i o^ned^ jind ofHfrutted by the Cnited 
fciiatesj does u smnll cummcrcial busicif^ in addition to the carrijigo of 
freiglit for building the datOj and the road shows a protit when due 
credit is allowed f<iir tii© muteriaJ carried for the Government con- 
structionp This credit represents a sulistantial saving over what it 
would have cost to haul tlie necessary materjal overland. 

About 12 miles below An-owTock and S miles ubo%'e Boise is the 
diversion dam of the projiset (pi; 7 ^ l)t turning the water into the 
cniud ^systemif wideb includes a muin cnnnl carrying the water tu 
the Deer Flat RiSenoir, another storngs basin formed bj several 
large earth embaiikment^t closing a nattiral depression soma distance 
from the river. 

A& on the Salt Kiver project power is developed in comicctioji with 
the Boisej hnt in smaller iimoimt. A hydroelectric plant was built 
at the diversion dnm and the power here developed was tnin^mittcd 
to ArrowTOck. where it was used to build the larger atrueturc. 

In addition to the Arrowrock Dam tlie principal ivork since the im¬ 
port of 1910 hfls been the completion of the distribution sjTdcnit com¬ 
prising IjOOO miles of canal and 12,000 strnctnre^ together with 
drainage Avorks. The project embraces two old irrigation districts^ 
which have cotitracled for supplemental water aopply from Arrow- 
rock Reservoir and for drainage work done by the Eeclaiuatioti 
Service for the Iwnctit of cotmiderable areas of die district lands that 
have been rendered temporarily unfit for cultivation by ^page and 
alkalis 

Nearly 100.000 acres of the Bobo project are now in crops and the 
annual production already exceeds a million dollars^ Alfalfa, clover, 
- cercab, and potatoes^ arc the lending products. 

MIJVIDOKA PROJECT. [DAHQ. 

In Snake River Yalley a project has been build involving atonige 
in Jackson Lake. IVroiidng (pL 8 , figs. 1 and 2 ) , and u diatribiitiun 
system near Minidoka, Idaho. The Minidoka Dam diverts water to 
north and scintli side canals and furnishes a bead of 46 feet, which is 
used to drive a ThCMIO kilowatt power plant erected at the dam. Tlie 
power ia utilized to lift irrigation water to additional land not ac¬ 
cessible by gravity flow and the excess energy is sold for the benefit 
of the project. 

The power is produced at a cost averaging slighily over one 
mill per kilowatt-hour^ including nil operating cxpcnBe and plant 
depreciation. This low eowt makes it possnble to sell the energy for 
varied and novel uses, such as operating washing machjiieit, flat-irons;, 
IInd other utenmis of the small home. Considerable is used for heat- 
ing. One of the project towns has recentiy erected a schooUiouse 
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that in pointed out as a building without a cliimnev or a gas pipe, 
electridty lining used for heating, lighting, and opera ting all the de^ 
Tires necessary in a modem high school that mcliides physical and 
chemical lubofatories. 

The Minidoka Project is practically complete as now planned, and 
it is possdblfi to wntop 120,000 acres, of whicii S3,000 are under irrign- 
tion, inchiding 35,000 acres supplied by pumping. Forage crops, 
grain, i>otatoes^ and sugar beets are the principal prodttcts- 

HTNTT.EY VKOSW^V. SIONTAN.A. 

This is one of the few projects that requires mi storoge works, be¬ 
ing located on the Yellowstone iSivcr at a point where the natural 
riin-oF from a large drainage urea provides a sufficient water supply. 
Tjje main canal and latenil system now cover 30,000 acreS: which 
mav he increased hy small extensions. The most novel construction 
feature ia a hydraidie pumping plant on the main eanat where the 
bulk of the water, dropping throu^i turbine^ operates centrifugal 
pumps tlmt lift part of the supply to a high-line cannL the whole op¬ 
eration being autuiriatic and reciuimg almost no at ion don from the 
operating foixp. 

The project is one of the most sneressful iu operatian iind nbont 
i?0,000 RCIV 3 are now in crop, yielding products averaging iti value 
over $35 per acre* Sugar beets have becomr the nicjst inipnrtiiut 
crop (pL &, fig-1)* A company has erected tind operates a l>eet-stigRr 
factory, contracting with the fanrnerg for u certain acreage to bo 
planted with reed suppUed by the company, w hich pays for the beets 
according to their aiigar content- Over 4,000 acres are now' utilized 
in this way* retiirniug to the fartner iienrlv $00 per acre. Alfsdfa, 
grain, a nil garden truck are the other important products, 

suT.K RTVKft Pitojrcrrr. 

Ever since tlie passage of the rcclimiation act the effort has been 
made to develop along broad linefi the irrigation possibilities of the 
Milk Biver draLuage. Tlie situation is much complicated and delays 
bave Vicen caused by the fact that the river h an mtpmational stream, 
rbdng in the Unitetl Statcf?, entering Canada, and returning to this 
country. Thus between the storage sites and irrigable liindE in the 
United Statea the river parses through lands that may be watered in 
CoJiitda, Ifiiding to conflicting interests in tlie limited water supply. 
After yenrs of negctlutioti a treaty with Orent Britain was finally 
proclaimed in IPIO for the distribution of the water, but Its in¬ 
terpretation in detail is still subject to rndjustinent, which is now in 
the hands of a joint commission representing the two Oovemments. 

Meonwhile tlie Rcclamiition Service has built certain features of 
the American project, petmitting irrigation of a portion of the lands. 
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A caQiil 25 milt!^ in length has been excarated to supplement the flow 
of Milk Eiver imm that of St. JIary River^ thus diverting water 
through the divide separating the Hudson Bay drainage froni that 
of the JiisslBsippi and Gulf of Mexico. Work is now under way on 
a storage dam at Sherburne Ldfes and addidonol sioruge may be 
provided by a dum at the outlet of Lower SL Mary Lak& TUrce to 
four hundred ndlea below in MUk River VnJleyj dikributiiig systems 
are plaonedT heading at three diversion dams near the towtig of 
Chinook. Dodson^ and TandDlIa, with supplemental storajpe in 0 
reservoir fed by one of the tuaia canals- The Dodson and Vandalia 
do ms have been built end distributaries for 40^000 acn®. Grain and 
hay are the staple crops. The rainfall is sufficient to permit dry- 
faiTiungi but the yield is doubled or trebled with irrigatioru IJlti* 
motely 200,000 acres or more may be watered. 

iJUN HIVKlt raOJECn. 3 i10NTA^'.1. 

Xear Fort Shaw the Eeclnmotion Serrii^ hus built nnd operated 
for several years a unit covering 1%QOO acres, and work is now under 
way on larger features of a project that may eventually comprise 
175^000 acres, A di verson dam (ph % fig. 2) has been recently 
built in tlie Sun River near Elijsabeth and a dUtHbution system for 
laiuls noiih of the river is under con^rucrioo. A borage reservoir 
will be built on the north fork of the Rum 

Tile irrigable land^ ore within 50 miles of Great Fulls, which 
supplies a market for the farm productsL Grain^ huy^ and vege¬ 
tables are the principal crops. 

LOVYKn TKLtOWSTOXK PROJECT, MONTANA ASU 7<ORTH DAKCrTA- 

About 18 miles below Ghndive, Montana, the Vehowsstone Dam 
divert?; water into a caual that oovere a strip of land west of the 
river in iVIontana and ?^orth Dakota. About 35,000 acres can now 
be supplied* The cold climate and short growing sE^ason limit the 
crojig mainly to bay and grain, which give enhanced yields under 
irrigation, but the rainfall is sufficient to encourage dry farming 
and rsndera it difficult to secure uniform support for irrigatioa 
among the settlers No construction work hm been done on this 
project in recent yeiirs. 

^OKTH PrJLTTE PROJECT. NEBRASKA AND XVXOMTSG, 

This is another interstate project^ utilizing the flow of the North 
Platte River to irrigate hvnds in Wyoming and Nebraska. Rtomgft 
is provided neur the headwaters by the Pathfinder Dam, a mosom^* 
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areh 218 feet high md 432 feet along the crest, Near AVlialen, 
AVyo., n divcriioil dnm supplies the Interstate CanaL a nohible irri¬ 
gation ctknduit with a capacity of 1,400 cubic feet per second at 
its he.'id. The canal is over lOO miles long and serves l30,tK» acres 
in the two States. It takes several days for water entering tho 
lieadgntcs to reach tlic end of the ditch, and several small reservoits 
havelwen constructed along the canal to provide teniporary storage 
and better regulation of tlie flow. Tliese reservoirs, the lower part 
of the canal, and related distributaries have been built ainoe the 
former reports in this series. Other construction has included dram- 
age works, and work is now starting on a large unit on tho opposite 
side of the river. Here the Fort Laramie Canal will take out from 
the river at the Whalen Dam, It will exceed the Interstate Canttl 
In length tiiid furniiih water to an area of 100,000 acres. 

In udditioa to supplying the Govenuiicnt project of 230,000 acres, 
the Pathfinder Beservoir provides sTifrieient stored water to supple¬ 
ment the supply of a number of private canals along the ri^er to 
which rights have been sold under the prorision of tho^ Warren 
Act of February 21, IflU. the receipts entering the reclamation fnnd. 

The area actuallv irrigated by tho Xortli Platte project is now 
increasing idwnt .liboo acres each year, and the annual crop value 
reaciied SI,000,000 in lOliS, when 70,000 aercs were harvested. Alfalfa 
and grain are estensively grown and used to fatten stock ^for tnar- 
ket. Hog raising has bcMaio an important and profitable industrj'; 
during the last six months of 19U aMpmentx to market a^-oruged 
over 20 carloads, representing monthly receipts of $30,000 from this 
industrj“ alom?- 

TllUCKKF>C,4SSOS PROJECT, NEVADA* 

On this project the r4(hontan Dam has been recently built, being 
com])lctcd in 1916 (pi. 10, fig. i). The structure is a large eatlli 
cmbankmeiit, w'ltU rock and gmvel pav-ing, 124 feet in maximum 
heigitt and 1,400 feel long. Tlw moat interesting feature of the 
structure is tlic prroTsion for pacing excess flood water without 
injury to the dam directly or by ci-osion of the relatively soft mate¬ 
rial composing the river channel and canyon walls. For this pur¬ 
pose concrete spillway channels leading from each end of the dam 
are built in steps, dropping the wotcr to a concreted stilling pool 
below the structure (pi. lO, fig. 2). The rescn*oir impounds the 
flow of (’arson River and also receives the water brought from the 
Truokee til rough tho Tnickee Cans!, built some yeare before. Prior 
to building the reservoir a liydroelcctrie plant wa.s erected to uttlkc 
tho drop from Truckee Canal to Carson River and the power tints 
developed was ujscd in the construction of the dam. 
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Ollier reocQt work includes smaller' structures, diiuiis^ and cx- 
t^^Bsicm of the difitributlon system, which serves lands near the 
town of Fallon. About 60,000 acres are now under ditch and 
tbe area mny be considerably increased. With addidoEiul storage 
and canal systems 200,000 acres may ultinuitcly be reclaimed. The 
locality is estrenicly aridj with an aimnal rainfall of aboiit 4 inchcfij 
iii^uSicicnt for any crop growth. Under irrigation the soU gives 
good yields of alfalfa, grain, and vcgctBb]e& 

CARLSBAD PROJECT. NEW MEXICO. 

Kear Carlsbadj Xew Mexicoj two dam^ have been built across the 
Pecos Biver, forming storage basins^ and from the lower one of 
these a canoJ system has been excavated to supply 20^000 acres of 
land surrounding Carlsbad. The project was comploted in ISIS, 
since which about 13,000 acres have been irrigated^ producing good 
yields of alfalfa, cotton, grain^ truck, and fruit. 

RIO GRA.VDE PROJIXT, ISKW ilESICO AXD TEXAS. 

Thu U an interstate and intomational project udng the watera 
of the Bio Grande to irrigate land in Xew >[exioo juid Texas and 
supplying Mexico at the international boundary a quantity of 
water fixed by trejity* 

The largest irrigation reservoir in the world is formed by the 
recently completed Elephant Butte Ifein (pL 11, fig. 1), spatining 
the river csmyon near Engle, X. Mes. This structure is of rubble 
concrete, 300 feet from the bottom of the foundation to tlie crest, 
which extends 1^50 feet between abuiments. This gives a reservoir 
capacity exceetling 2,500,000 acre-feet^ or 800,000,000^000 gallons. 
One of the problems connected with storage on the Bio Grande is 
due to the great amount of silt carried by the stream^ and this large 
reservoir capacity is e.tpected to care for years of silt sccumtilatinns, 
which are further provided for by nunierous openings tliroagii the 
dam for sluicing ^pL 11, fig, 2)* 

From the reservoir the water pusses down the river chamiet to 
the irrigable lands, which are located in a series of narrow vallevs 
along the stream in Xcw htexico and Ttvas. The development of 
each valley involves a diversion dam, main canals on either eide of 
the river, and I ho necessary distributaries and structures. A number 
of private canals watering ismall ar<^ will be embraced in the general 
development. 

In the ifesilla Talley the Leasburg Dam and main canal have thus 
been built to connect with several community canals covering about 
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3^,000 Hvres. An additional divereion iej now under constntctton tn 
this vaJlej controlling 60,000 acres. 

In El Paso V'&tley the old Franklin Canal has l>eeii purchased and 
enlarged. This passes through the city of £1 Paso, trbere H has 
been concrete lined to give increased capacity. About 20,000 acres 
will eventually 1ns watered. 

Other tracts to be n»iched lio in Kincon and Palomas Valleya. In 
all, the project con templates the irrigation of about l.’i5,000 acres in 
the United .States. The soils are iTry fertile and the market facili¬ 
ties umiaually good. Alfalfa yields 3 to 6 tons i>er acre and 
the price averages above ^10 per ton, reaching at times as high as 
$15 of $20. Vegetables, tnick, and fruit are very successful, mid the 
27,000 acres harvested in 1014 under tho (lovemmcnt works yielded 
crops worth well over a million doUats. 

UUAT1M.A PUOJBCT. OREGON. 

Former reports have described the portion of the Umatilla project 
lying east of the Umatilla Hiver, supplying 25,000 acres by meims 
of a canal system heading in Cold Springs Hesen'oir, which is filled 
by a feed canal from the Umatilla. Ueccntly an tucteuaiun to the 
project has been under construction west of the river, adding about 
11,000 acres to the irri gable area. The work includes the Thire Mile 
Falls Diversioti. Dam, a main canal heading at the dam, and a system 
of laterals carrying water to eneb farm. 

On the older part of the project about 5,000 acres are now in 
crop. The conditions are favorable for the growth of fruit, which 
is gradually becoming the principal product. Good yields are also 
obtained from alfalfa, groin, vegetables, and truck crops. 

One of the difficulties encountered in the operation of the Umatilla 
project is due to the fact that portions of the irrigable land are very 
sandy, causing the irrigation water to escape rapidly to a depth 
where it is not available to live plant roots. To sustain crop growth 
on such land it is necessary to irrigate It fmiuently and the ^ dutv*' 
or nuantity of wo tor required per hcto is esc^ive. In some ca^ 
the duly may lie as low as 15 or even 20 acre-feet per acre, 1, e., 
during the irrigation season the total application to the field is 
ei| 111 valent to a depth of 15 or 20 feet. The average duty on the Uma¬ 
tilla project is now about T acre-feet, and for aQ the redujaation 
projects the average is between 2 and 3 acre-feet per acre. 

The great importance of this subject is leaJired when it is remem¬ 
bered that Uirtially the available water supply and not the available 
land limits the cAtent of a project and largely determkies the cost 
per acre. Also the cost of operating the works and guarding ogainet 
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bmfcs in the cwntils is incf^nsed jis the quantity of water to bo 
carried is mndo larger and the annnal charge for operation and 
majntenaiioo aguin&t each ini gator is m proportion to tfao amount of 
water delivered to him. 

The permatieut cure for excessive use impo^ by sandy land lies 
in the addition of vegetable matter to the soil. Witli the growth of 
each crop the condition improveo through the addition of hnmiia 
Another loiltience for a better diitj% applicable to all £oil% is the 
nse of relatively large iTTigation heatli^; that 1 % supplying the fields 
by using a large stream of water for a short time rather than allow¬ 
ing li satiidl head to run to the fields during a longer pericxL To im¬ 
prove the duty by this menus requires proper ditching and grading 
as well ofl akill in handling the water. 

By these meam^ the average on the Umatilla project w^as 
improved more than on acre-foot per Acre in lid 4 over the previous 
year, and it i^s bdioved that with the gradual addition of humus to 
iho sandy portions of the area the problem will be satisfactorily 
solved^ Tho farmers on the sandy tracts require every encoiirage- 
ment in establishing noraaai conditions and provision has been made 
for a relatively low charge per acre-foot for such lands for a period 
of years during which opportunity may be had to put the soil in 
proper condition^ 

KLAMATH PROJECT. OREGON AND CALIFORNIA. 

In the Klamath country nf southern Oregon and northern Cali- 
fomia a plan has been partially carried out for utilising the run-off 
of Klamath Lakes and Lost River to water areas that may eventually 
total 2(X),000 acre^ .:Vs described in former statements certain units 
of the project have heen constnictodH, making water now available 
for 40,000 acres, of which S^^OOO being iiTigatcd, In its entiretj^ 
the project i« an intricate one, involving a numbor of unusual fea¬ 
tures. of which perhaps the most novel is the dewatering and subse¬ 
quent canalization of the Tula Lake bed* For this purpose its supply 
from Lost River is cut off by building a dam at Clear Lake, the head 
of Ixet River, fortning a large shallow basin in which evaporation 
pmctically equals the infiow, and largely diverting into Klamath 
River the run-off that reachre TA»t River below Clear Lake. By evap¬ 
oration the bed of Tuk Ljike U gradtially uncovering and irrigation 
of the exposed land hafi begun along tho edge of the lake. Const ruc¬ 
tion work in recent years includes the Lf>st River diversion dam and 
clinnriel to Klamath River, enlargements and extensions of canal 
systems and drains for the lands already watered. 

The Klamath area receive an average annual rainfall of 14 
inches, permitting some crop production by dry farming, but the 
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j idfls ELi*e cjoubJed with irrigation. Foragie crops predominate, but 
p<itiitoes are siicccesfully grown and stnall areas of fruit tree$ hj^ve 
yielded well. 

BKfJ^K FOCBCHE PEOJECr, SOUTH DAKOTA. 

Near the town of Belle Fourche, S. Dakota, the river of the same 
mime has Ij&cn utiiis^ed to irrigate Imds east of the town- A diver¬ 
sion dam in the river turna the flow into a feed canal supplying 
a reservoir on Owl Creek, formed by a large earth dam from which 
eaiaftl syetemi? distribute the water to the irrigahle hinds. Since 
former reports the distrihutaries have been extended to ©eno an 
area of 78,000 acres, about half of whteh ia producing crops?. Cereals 
predominate, including wboat, oats, ctmi, rye, imd barley- Alfalfa 
ia generally grown, and potatoes and garden truck occupy small 
tracts, 

^ITHAWUEitRY VAIXEY PROJECT. UTAH. 

This contemplates the irrigation of 50,000 acres eaist of Utah Lake, 
Storage is provided by a dam on Strawberry River. By means of 
a tunnel nearly 4 miles long the water is carried through the rim of 
tlie Great Basin and delivered to Spanish Fork River* Here it is 
turned Into tlio canal Eystem by means of a diversion dam. TJie main 
canal serv'es also as a power conduit, supplying it. hydroelecWc 
plant, built early in the conetruction work, to fnrnisli power for 
driving Straw'berr 3 ' tunnel. A penjianent use of the power is 
planned for pumping water to tracts inaccessable by gravity flow' and 
for drainage- Surplus power is now sold the towns of Paysou, 
Salmi, and Spaniab Fork. The canal constmetion lias recently 
been actively pushed and the ]>roject as a whole is regarded ns 85 
per cent completed, A numi>er of old canals in the valley will !>e 
supplied hiim tlw Government works, and the delivery of stored 
water began in JudCt 1M5. Tlio principal products are alfalfa and 
other hays, cereals, sugar l 5 eets, and vegetablezi. 

OKANOG.VX I'llOJECt, TiVASsHVNGTON. 

In Okanogan County, Wasbifigton, the Beckmatioii Service hoE 
built workii to serve 10,000 acres of Innd along Okanogan River 
within 50 inilc^ of the Canodiim border, Stonig^ is provided in 
Salmon Lake and by an earthen dam on Saltnon River near the 
town of Conconidiy. (PI. 15, fig. ±) The water is turned into a 
cairn I system about 12 miles below the ConconuUy Dam by means of 
ri weir ticro^ Salmon River* Tlie gravity ^^stem ivns completed in 
IDIO and iho water has been used by tlie farmers each year on an 
incrciiaed acreage* The area irrigated has now' reached about B,000 
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acTVSj making it de^flble to build a pumping plant that lias biHJii 
regarded as o part of Uit? general plan^ and tliis has recently bctai 
constructed. Small hydroelectric plants have been erc'ctcil at dro|»s 
forraerly provided in tlie project ciinals and tlie power thus de¬ 
veloped is used to operate the pumping platitj wliich is located near 
Omak, Tills lifts water from the Oknnogan Kiver to supplement 
the supply from the Salmon. It is not necessary to mn tlic pum[]s 
every year, but they proTide capacity to water about 1,000 aci-e^ 
during seasons of lean ninoff in Salmon Elver. 

The project iMids are excellently suited to the production of fruit, 
particularly apples. Peaches, apricots, jTcars, pnincs, and vaHoua 
small fniits are also grown. Hayi forage, and vegetables are pro¬ 
duced on smaller areas. 

YAKlilA PROJECT. WASHIKOTOS, 

As described in former reporta oonsidorable work has been com¬ 
pleted toward the execution of a cornpreheimvo development of tlie 
Vakima Valley, including storage reservoirs at the headw'aters of 
the Yakima Kiver and its tributaries, and distributing syslcma at 
various points lower down in the valley* Since former stat^^ments a 
permanent dam has been built at tlie outlet of KaeJicss Lake and 
a slmiltir structure is under way at Lake Kci^chuluj?. Kncliess Dam 
is an earth and gravel fill 1,400 feet long and 05 feet in maximum, 
height. Oh the Tie ton River a relatively siiiaU reservoir hus licen 
formed by the coustruction of Clear Creek Dam (pi. 12, fig. 1) to 
serve a novel purpose- The Tieton is fed by meUing snow, causing 
a largo diunuil variation in the flow fso that the discharge at its t>eaka 
could not 1>£! taken into llie main canal and some of the needed 
water was lost* The Clear Creek Dam proiHdes the necesssary re^r- 
voir capacity to correct thb daily fluctuation and storo o small 
quantity of water. 

The principal distribution ^sterns arc the Siinnyside and Tieton 
units* In 190t>tho United States purchased the old Sunny side Canal, 
then watering 40,000 acres, nnd this has been extended and enliirgcd 
to supply 82,000 aorc!^ includiDg several snwill tracts to wlitch water 
is pumped, using pow er developed at plants built at drops in the canal 
On the Tieton water is provided for ;i3,000 acres by a sys¬ 
tem including a main canal of diflieutt coti^tnirtion througli Tieton 
Canyon, involving sevend tunnels and long stretches of open earml 
made up of <‘oncrete shapes. 

Nearly 100^000 acres are now under irrigntion on these two units, 
growing crops each year worth three to three and a half million 
dollarsL The section has become a wclhknown apple pnxluccr and 
through cooperative organiscatious has made great progiTss in dc- 
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veloping a nniform product and in advertism*| mid marketing iL 
In addition to apples and other fniits espclleut yields nre obtained 
from alfnlfa. cereals, and vegetables. Indian corn is successful 
here; in 7 ,h 500 acres of this crop yielded an average of about 
50 hushcTa per acre, 

WnOSHONE FROjECT. WtOmKC^. 

In Wyoming the Shoshone River is being utilized to develop a 
project of 150,000 acres. In the canyon above Cody has l>ecn buiU 
the Shoshone Dmi, a rubble concrete orch 328 feet high and 200 feet 
along the ci-est This was the higliest dam in the world wheti con¬ 
structed, but has since been exceeded by the Arrow rock DiLm, ubo 
built by the Reclamation Service, Eiglit miles below Cody a diver- 
sion dam turns the stored water into Corbett Tunnel, which delivers 
to tlie main cutuiL Recent work has extended the distribnlicm 
uystem to ireach 41,000 acres^ Slightly over half of Uiis is now being 
irrigated SO that the canal system is constructed well ahead of the 
farming development. Agriculturally the project is (ssentjally n 
hny and grain producer, with small tracts devoted to vegetables and 
garden truck. Alfalfa is the principal crap, exceeding all others 
together in planted area and value of product 

SUMMART. 

Under the reclamation act of Junc^ 1902, with later amendments, 
the work of redeeming our arid lands has gone Btcadily forward to 
the point where 23 projects or units have been completed So that the 
problems of construction have bean succeeded by those of oper¬ 
ating the works for agricidtural production. A million and a half 
acres can now be supplied with water tlij'ouch the fiovemment 
systems, and half of this area is actually producing crof^ totaling 
nearly $20,(MKI,000 in yearly value. In effect a State lias been added 
to tho Nation in that the annual production from tlie Irrigated lands 
already excevda that of a number of the smaller States^ 


SOJfE RECENT DEYELOPifEXTS IN TELEPnONY AND 

TELEGR^U»HV.* 


Ky Frank B, Ji:w’istt* 

Chi^f Ensfim^r Waiem EtcctrU^ Unc^U 


With un nrt siicli as that of telcijlionj and tcle^apby Tfhidt has 
been ekher whoUj or in Jargo pail developed within the last 30 years, 
it is difKcult to cover in an article of a few choiisond words all that 
might be cojistrued under the tenn ” recent developments.^' It is even 
difficult to detennino what ^ould ba clas^^ihed as recent devcIopmentsL 
As soon as the le^arches and discoveries of scientists end Inventors 
along any line sliow signs of developing into an art which will aid 
in the every-day life of mankind, a great stimulus is given, not only 
to a bettormerLt of the physical means for affording the service, but 
also to the development and exploitation of the cormnercial possi- 
hilitics made aTailnble by the new art Mid to the production of an 
operating organization which will render the physical equipment 
most fully available for the commercial needs. 'J'hna, it happens that 
in the fkid of telephony and telegmphy^ both wire and radio, great 
strides have been made during the past few years in perfecting the 
commei-cial and operating organizations which have found nec¬ 
essary to make the work of the scientist and engineer fully available 
to the puhiicu In what foltovv;; no attempt has been mude to cover 
any features of these Utter developments. Tliis seemed the more 
necessary ^nce the commercial and traffic needs of no two countries 
are exactly alike and a full presentation of the subject would require 
more space and more particularly larger knowledge than the author 
possesses. In limiting the paper to the physical and engineering 
aspects of telephony imd telegraphy an attempt lias been made fur¬ 
ther to confine it to those develupments which have brought about 
rather radical changes in the existing state of the art or which hiJ 
fair to bring about such changes in the future. 

Before passing on to a consideration of these recent physical and 
engineering developments;, it Jnight be well to jioint out that, con¬ 
trary to a more or less general bdief, in<^ of the physical develop¬ 
ments have followed as a direct result of commercial or traffic oper¬ 
ating requirements ratlier tJmn the n^lt of a priori considera¬ 
tions on the fKirt of the scientist and the engineer. Although not 
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imiversally tnie, it large miijority of tlie radical physical changes 
liave resulted from Judies and develop!iietits made wkli a view to 
extending the exming possibilities of telephony or telegraphy to 
cover some new or iiiore promising field. 

In selecting the itenis to l>e considered the endeavor has been to 
touch upon those changes in the physical art of telephone and tele¬ 
graph tmnsmbsion which would l>e of interc^ to all of the members 
of the Pan American Scientific Congress* irrespective of any com¬ 
mercial^ geographic:, or elimatic conditions which might be peculiar 
to any given locality- In other words* the attempt has been to select 
those developments whjeh tend to improve or modify fuiidaincntal 
considerations in the application of the art of transmitting intelli¬ 
gence dcetrically* The only exception to this is in the brief discussion 
of apparatus intended primarily for use under tropical and semi- 
tmpical conditionii. To ji large proportion of the membera of the 
congress this is really p fundamental consideration which must 
underlie tlie proper engineering of the phyricnl plant tiei^ded to give 
service* 

Although the present state of tha art has closely interlaced the 
requii'ements of wire and radio telephone and telegraph develo[?- 
ments and altJiough Uie future seems to Lndirate an oven closer tying 
together of all phases of eleolricLd intelligence transmission system-^* 
it ie difficult in a sliort paper to treat the important advances^ except 
in relation ^vith the particular field to which ihey most closely per¬ 
tain. For thb reason the discussion has been divided into three 
main parts: 

1* ’VYiro telephony^ 

2. "Wire telegraphy, and 

3. Eadio couimmiication. Loth telephonic and telegraphic. 

1. wiitE tj;lephoxy_ 

Since the whole pitrsent art of wire telephony is the result of only 
40 yeai^^ work, almost any tiling might bo construed as ti recent 
development.^ Ten years hua* however, been taken as the period to 
ba covered, and since any major development in the art requires 
considenihle time for ii4 working out, the results of the work during 
tlie past 10 years can only be properly appreciated by considering 
the state of the telephone art some time prior Uioreto-^for csamolc, 
about 1900. ' ^ 

Ui us review, ttierefore, die riluaUon in the telephone field at the 
begiuJiing of the present ^^entu^y* 

Tiy 1900 the telephone nil was mpldly emerping imm the era 
when the inventor rather tlmn the engineer w«s supreme, in Hie fiehJ 
Tli 0 expeileiice guinea during the preceding £5 years, supplcmcuted 
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by tiie ap[>Iii.*ution of isound ?Jigin«en[ig principJes, b»d indicntcd 
itirtain things ns being fujidnmentnl to the proper esteasion of c«ai- 
tiiercijil telephony. The trend of further development und tlie cor¬ 
rect methods to be followed were also becoming clear. 

Among <*ther things, the necesidty for UBing metallic circuits bed 
been proven beyond peradventure. Sn, too, the employment of tlie 
relatively high-priced, hard-drawn copper line wire had been oliown 
to be ceoiiomicuUy cheaf)er and more satisfactory, all Utin^ con¬ 
sidered, than tho inexpensive iron and steel wire originully employed 
for both telephone and. telegraph cireiiitiK Moreover, the fallacy of 
building exptmsive long-distance, open-wire pole lines and terminat¬ 
ing them in the cities in small wire cablro was beginning to be fully 
appreciated, and the engineering of the wire plant was already being 
done on a scientihe basis. This basis was that Oie wire plant as a 
ivbolo should be in cost equilibrium when considered from a trana- 
tiitasion standpoint. In a plant w-here such cost equilibrium e.TiBts, 
tbe increased annual charge required to give a fixed increment of im¬ 
provement in transmission is the some, irrespective of the part of tho 
plant in whirli the improvement is made. T|ie full appreciation of 
this fundamental requirement and its extended application has prob¬ 
ably done more than any one thing lo eliminate gross variations in 
the grades of transmission furnished indifferent localities and greatly 
to reduce plant costs. 

Fifteen years ago tlie possibility of impro^'ing tlie transmission 
efiicieucy of telephone circuits by the periodic introduction of loading 
coils was not commercially known. Little or no progress bad ns yet 
been made in the art of securing a tliird gr ‘‘phantom” metallic 
circuit from le-o oixlinnry uietoilic circuits. Amplifying devices, 
which were among the earliest dreams of the telephone inventor 
and engineer, were still in a crude state of undeveloped laboratory 
e4|itjpiiient. Fifteen years ago tiia telephone engineer, except in a 
few localities, hud hud relatively littlo experienco in tJie problem 
of oi>crating in close proximity to electric power circuits of luctra 
liigii potential. To ho sure, tbe introduction of street railwoys 
niul low-tension lighting and power circuits had already brought 
with them tbe necotsity for radical changes in the telephone iirL 
But tlio single-phase railway and the high-potential trunsmTsslon 
circuit employing hundreds of thousands of volts did not then exist. 

In the mutter of sribstation apparatus—that is, transmitters, re¬ 
reivers. and associated devices—the telephone art had become some¬ 
what stabilised. The bipolar of receiver was in general »<» 
as was also some form of mutticoutact microphone. In America, 
where the nlfimate scope of telephony was recognized to include a 
universal bng-distunce service as well os purely local sendee, the 
solid hack, granular button type of carbon transmitter biid come to 
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be staniJard. In Kiirope, where the condkiorta «£ a purely local or 
lit best a vefj' sliort-distance (.ransmissioik $eeitied to prevail, a more 
micro2>liiituc type of instniment wns preferi'ed. In both contiiieota 
there Tivae already a drift away from the earlier forms of fixed or 
wall tyjie «ul)scribers’ instruments, and the desk stand and hand set 
were beginning to appear. 

In tlie central oRico the myriads of inventions which had been pro- 
|Kwed and tried out wore gradually giving Avay to apparatus which 
cJiibodicd the best of all that had been suggested. So-called autO’ 
matic systems for central ofiico operation were beginning to 1>e ex¬ 
ploited, but the great bulk of telephone engineering was on the 
basis of iniiiuial s^vitchboards, W'hich, to be sure, involved many func¬ 
tions not mnniially performed- In fact, nobody as yet hod had 
siilhcient experience to sny definjtcly where the ultimate development 
of central ol&ce Bwitchboards was likely to lead. 

Such, in brief, was the state of the art in the more important 
parts of wire telephony 16 years ago. A comparison of the then 
existing art with tliat of to-da 3 '' and a statement of whot bus been 
done in the last 10 years can Iwst be made by a statement of the 
iniprovemetits in each principal line. This survey will also pemvit 
of making some sort of a hazard as to the future development which 
may be expected in the field of wire telephony. 

FK.VSTOM cmctrrrs. 

As U well known, so-calletl ‘^phantom” circuits are tliose metallic 
telephone circuits whicb are obtained by combining two ordinary me¬ 
tallic telepbune circuits in such a way that u third metallic teleplioiic 
circuit is secured without piodncing any mutual interference with 
either of the component circuits and without casing miy mutual 
interference between tliijso comixment circuits. Considered from the 
tbeoreticnl standpoint alone, the problem is a simple one, since it 
consists merely in so arrunging the circuits and the terminal ap¬ 
paratus that the current in one side of the phantom divides equally 
botw'een the two wires of one physical cirenit, while the current in 
the other aide of the phantom divides ec[iially lietween the two wires 
of the second physicn! circuit, a further proviso being that the iir- 
rungemonL shall bo suitably balanced both electroitmgneticallv and 
electrostatically. Under these conditions, there k no tcndeijcv for 
currents in the plmiitom circuit to prmluce circulating ciirrciite in 
the component ph.vsicol circuits, nor do cireukting currents in tlie 
latter tend to produce a circulating current in the phantom. 

Teolmically tlie realization of this theoretical ideal is extremcl 
difficult Since in the tran8inia.*3ian of speech we arc dealinir witl ^ 
band of biglwfretiuency alternating currents, it docs not 
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have the circuity and terminiil apparatus balanced iDerely with re¬ 
gard to their uhiDic resistance. They must also be balancetl with 
regard to mutna! eapacities arid inductances, not for a single fre- 
t|iicncy alone hut for a multiplicity of frequencies^ if the neccssarj" 
freedom from cross interferenre is to Iw obtained. 

With the conditions which existed at the beginning of the present 
century, neither the lines Iheniselves nor the lenninal apparatus were 
suitably bnlnneed for the introdiiction of the phantom principle. 
Ail of the cables then in service were cdtuitrurted with a vieiiv to se¬ 
curing freedom from interference between simple metallic circuits. 
So also with open-wire lines, which, although traiispo^^ according 
to definite rules, were designed merely to provide freedom from 
cross interference between circuits operated on an ordinary metal lie 
basis- The terminal apparatus in general use at that time, although 
reasonably satisfactory for the services originally intended, was even 
more hopeless than tlie lines from the ^andpoint of phantom 
operation^ 

During the years between 1900 and l&OB or lfM>7 great strides were 
made in the appliciilion of phantom operation. A transposition 
systcin, permitting tiie use of phantom circuits on open-wire lines, 
was developed and the necessary luechanical details for interchanging 
the vvinsg were worked oiit^ Phantom repeating coils were designed 
and the art of their inanufacture developed- Little or no progress, 
however, was made in the matter of successfully adapting cable con- 
struction to the rwpiiremcnts of phantom operation. 

The condition at about ^he beginning of 190T was, therefore, one 
in which there was a fairly large and success fid application of tho 
phantom principle on nonloaded operi'Wire pole lines whidi termi¬ 
nated directly at central ofice:^ or terminated through relatively short 
lengths of Cable. ^liTiere the toll Ime? hml to be brought into the 
central offices through long lengths of cable, it was necessary eitlier 
to place the phantom repeating coils at the junction of the cable with, 
the open w'ire toll lino or to endeavor, by a pmee^ of experimental 
selection, to find a sufficient number of interference-free pair combi¬ 
nations in the cable. The of these alternatives was highly objec¬ 
tionable, both from the standpoint of maintenance on the coils and 
iiioro particularly because it practically eliminated half of the wires 
from the possibility of use for superimposed telegraphy* The second 
alternative was almost equally objectianable because every repair to 
the cable teijuirc^l u rcsclection uf pairs. 

At this time (1907) there were no means known for combining the 
phantom principle with the benefits from loading, now tn be de¬ 
scribed- 
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LOxUliyH, 

Although Oliver Heavmde had shown niathemuticoUy in tho early 
days of telephone development tJifli muterin! improvements in the 
transmission efficiency of circuits would result from increasing their 
self-inductance in a uniform fashiont it was not until the latter pait 
of the lost century that any scheme was suggested for the pmcUcul 
itpplicyitioii of Heaviside's work. During the two or three years 
limned lately preceding l$QOf Prof. ai. T. Pnpin, of Columbia I ;m- 
iersit}% and Mr. George A, Campbell, of the American Telephone 
Tole^ph Co., working independently, showed tlmt by the insertion 
of suitable induct a nee coils at intervals rcgTilarly spaced over the 
length of the line the effect of a distributed inductance could Ik* simu¬ 
lated to any desired degree of precUion. 

This Invention of so-called ^ lumped or '^coil ” loading came at a 
most opportune time in the development of the telephone industry 
in the Dnited States^ By IWO telephone sendee ret|uirements within 
the larger ui^an areas and on the long-distance toll linea were t^ixing 
the then known methods of transmisrion to the lirnit. In cities such 
as York the number of circuits required for interofliee iriiuk 
piir[HkSe:^ had become so great that it was no longer feasible to carry 
them on o|>en-w!ri pole lines in tJie streets. The only known alter- 
native was the employment of heuvy-gaugc conductor cahleH, wiio^se 
use would entail vast expenditures for copper and conduit space and 
wliich even then would provide an inferior grade of transmission^ 
For this service the benefits to bo derived from loading offered n most 
welcome relief by insuring the possibility of obtaining the necessiu'v 
grade of transmission through cables with small-gauge wires. 

The problem in the long'distance toll line field was ^mewdiat dif¬ 
ferent, Here it was not so much a question of secitring more circuits 
but of extending tlio range of transinisrion or bettering tlie service 
over existing circuits^ W ith the large size of copi^er eonductars then 
in u^ on tlie longer lines it w as clear tiiat no practical triinsiuLssIen 
benefits would be derived from a further iocrease tn the weight of 
metuL while such an increase would nece^tate a large addition to 
the itein of lino costs. It was gwn at onco that if coil loading could 
be applied to open-wire lines the effective range of ilie circuits could 
be very grea tl3* ioereased, 

Under tlio M.-onoinic spur nf these two re(iuirenienla. the engineers 
of the Bell aj'Efletn altneked vjgqronsly the problem of producing tn- 
diictunee coila which would fulfiU the nNiniremente set forth hv 
I’lipin ond Cumpbell. Although the mntheinatioil solutions hnd been 
obtained and their ncciiracj- demonstmled in the hiboratoiy, the nrae- 
ticfil problem of physical application to existing telephone eireuits 
had yet to be craipletod. 
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To cfTective, lonillfig coils most provide: the required iruliicUocet 
without flt the same timic too greatlj incrensing the eflfective 
unce of the line. With the mnterinls at first available it was feared 
thiit H\B only feasible way of obtaining the desinid tranemission 
jx^siilbi would be througli the employment of air-core coilsw Coils of 
this tyi3€> were aerially constructed and installed during some of 
the early ex|>eriinentsw While fnirly efficient in the mutter of 
the ratio of inductaneo to effective resistance, these coils were obnor- 
miillj" large and bad the very serious defect of producing ri large 
stray magnetic field, so tliat it was impossible to locate moi-^ than a 
few coils in close proximity to one another without encountering 
serious cross interference. 

This CEirly work ^owed the absolute necessity of producing a mng- 
iietic core type of inductance coil. The solution of this problem led 
ultimately to the development of the line iron wite toroidal cure type 
of loading coil which is now standard. 

By IPOO suitable coHs had been developed for loading both cable 
and open-wim Circuits of the ordinary metallic type. In tlio cable 
plant loading was common for all of the longer iutcroffice tnmks In 
cities and loaded imdergrotind toll cables between cities were begin¬ 
ning to l>e mstaUed* Iii the open-wire plant loading wus cGmaion 
for eveiytldng except tbe larger sLteS of copper wire wliieb were 
employed in tho verj* long distance services. The loading of such 
wires had not as yet proved feasible., due to the fact tliat with the 
construction then standard tlio reductiDii in trausmb^on efficiency In 
times of wet weather w as so great that the loaded circuit was nc times 
actually poorer ihaa a corresponding nonloaded circuit. 

At the time in question (1906-7) no progress had been innde in the 
application of loading to circuite openiting on the phantom prin¬ 
ciple. in laying out the plant the telephone engineer was con- 
setiuently confronted with the nmssity of choosing either to avail 
himself of the benefits of better or moro extended transmission 
thiough loading or of greater circuit facilities through phantuming— 
he could not obtain both. 

In this connection it is interesting to note that whether the choice 
was loading or phantomiug, tho successful operation of plant nec^- 
sitated a very^ much higher degree of line construction and mainte¬ 
nance than luid hitbei’to been deemed necessary, 

OEITUOPMEXl’ or rilAXTrOM LOAOINO AND DUf'tEX CABLE. 

The engineers of the Bell system were fully alive to the dioacb 
A'antages of the conditious just described and at once commenced 
developments looking to their elimination. Tlie result been that 
during the past eight or nine years the problem of loading large- 
gange open^wire circuits has be^ sol ved* the use of loading has been 
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extended to circuJtg operating on the phantom principle^ and the 
jjjGthdd of nm till fact iiriug cable has been completely revised, sio tJiat 
to-day practically no Jitrge-gauge telephone cables are constructed 
except those in which all of the wires are available for loading And 
phantom openition. 

Incidental to these developments but of a practical importance 
almost ecjunl to the major developments tlieiufjelves has been the 
working out of tlie methods necessary properly to ioslaU and load 
this new or so-called ** duplex ^ tyi>e cable- 

PREfciENT STATT OF THE AltT WTTTI ItFOAKO TO LOAniNG^ PHANTOidtNCj 

A NO i)uia*EX caiii4^:h. 

Coincident with the snccc^^^fnl ndaptution of loading to phantom 
circuits and the production of a cable suitable lor loaded phantom 
operation came a nipid application of these do^Tlopments in the 
extension and betternieni of long-dist-a nee scrvictv Wliile these ap¬ 
plications were made principally in the United Stales, they have also 
been put into use in Euroiie nml in some parts of (South America, 
notably at the Isthmus of Pniinma^ At the present time it is stand¬ 
ard prsicdce in tlie United StatKj to liavo all of the longer open-wire 
tino-s equipped with phantom loading, to have these lines enter the 
central oflicca through loaded phantom cables, and to eouncct the 
principal cities with loadetl phantom circuits in underground cable. 
Tlio most noteworthy application of phantom loading to the open- 
wire plant ia in the tfan^etitinental telephone circuits Ijetween Xew 
Vork, i3oston^ and other Atlantic seaboard cities and the Pacific coast, 
while the most noteworthy application of loaded phantom cables is 
bet ween Boston and Washington, where the circuits are carried in 
loaded underground cable pairs for a distance of appruxitnalely 
500 miles. In England an underground loaded phantom cable 
between London and Liverpool is now nearing completion. 

As ilhijjtrative of the extent to which loading has been applied to 
tekphone cirenita m the United States within the last 10 or 12 years, 
it might be noted that there are tij-day in service approximately 
:550,00CI milea of loaded inter-oiBce trunk circuit, 34,000 miles of 
loaded underground toll circuit, and 200,000 miles of loaded open- 
wire lines. The leverage extension in the range of transmi^on bv 
the use of loading is from two to three times. 

TELlilUlOXE xAMPLinHiUi, 

Wliik the idea of telephone amplifying devices is almost aa old 
os the telephone art itself, it has h^n only within the last four or 
five years th^t nnything approaching successful application of this 
idea has been made. 
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T^vg probkjii& fiv^ Involved in the application of fimplifiers to 
ortlinaiy two-way telephone circuits. One i$ the problem of the 
amplUiei* itself and involves fiindn men tally tho con- 

struetiofi of an instrunient which will add energy fioni a local source 
to the telephcue circuit under the contral of the attenuated tele- 
phono enri™t from the distant transmitting station. To be suc¬ 
cessful the instrujneut must have such charncteristica tlnit no ap¬ 
preciable distortion of iho speech is produced in its operatioiL 

The other is the problem of so inserting the amplifying device in 
the telephone line that it will work equally well in both dinections 
and without nny tendency to ^^sing,'^ i* e,, to operate in ii local closed 
cycle. 

Both of these problems were for many years formidable and un- 
siimiouJited obstacles. Recently, however, both Jiave been solved^ 
and the engineers of the JleU telephone system have developed a 
number of types of uuiplifying devices capable of application to 
either nonloadcd or loaded circuits in cable or open, wire. All of 
Ihe^io different types are in sucoessftil operation to-day. The appli¬ 
cation of amplifiers to loadeil cimiits is particularly difficult on 
account of the peculiar characteristics of such dreuitst and the lolii- 
lion has involved many radical ebangee in the previously e^ebting art 
of loadings 

Tn.iN9MnTtiiyi AS'n aEc:EJVt::iL'^+ 

Although the fundamental principles employed in the manufacture 
of eomnierciul transmitters and receivers have not undergone radical 
change within {.he past 10 ycars^ there have been marked ads^anc^ 
in the construction of the apparatus^ In paiiicular^ transmitter 
have been adapted for use intorchangcably on local and common 
battery systems. They have been made much more nigged, with 
better **qimlity^^ and louder volume than the instruments standard 
10 years ago. 

An eren more marked improvement has been made in connection 
with receivera due to the employment of pole pieces which are elec¬ 
trically welded to the pertnanent magnet portion of the receiver. 

Special transmitters and receivers for a variety of services have 
been developed. In particular, throat snd chest transmitters, which 
operate directly from the muscular movement caused by the opera¬ 
tion of speaking, have been constructed for aeroplane and mine- 
rescue work, where ordinary type instruments can not be employed- 
Special transmitters have also been developed for emplciyment in 
theaters, churches, and other anditoriums for the purpose of enabling 
partially deaf persons to understand better what is being said. 
Special telephones have also been developed for stethoscopic and 
curdiographic observations. 

1016— m 
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llTiile thfl successful completion of the loading end amplifier de¬ 
velopments whicU have made transcontinental telephony possible 
have completely eliminated ibe necessity and desirability for loud* 
speaking telephone apparatus for general telephone ^rviee, the last 
three or four years liave seen material progress in the developiiient 
of such equipment for ape^ualizefl serricos. In particularj there has 
arisen n demand for loud-speaking telephonic equipment for an¬ 
nouncing purposes, for passing signals and orders to Stt-itch towers 
along railway linesj and for use in connection with moving pictures. 
While active development work on this kind of apparatus is still in 
progress, much has already iieen done to meet the demands which 
ha VO ariasn. For many of the services amplifying dovicos used 
in conjunction witli spec ml transmitters and receivers. 

TKLEPHONE rraUCTTS WTTH SUFERIHFOSEO TELECIIt.AFlI* 

llTiile the original application of ordinary ground dine telegraph 
operation to wires nonnally employeii for telephone service was made 
a good many years ogo^ notable improvements in the equipment have 
l>p<»ti made during the last 10 or 12 years. The development of phan- 
toming and loadiogj particularly the combination of the two^ 
inlroclticed mutiv difiiriilties Into the sucoessfiil operation of super¬ 
imposed teiegniph circuits. Witliin the last few years it has f>een 
necessary to redesign completely the terminal apparatus used at the 
central office. In addition^ the presence of the telegraph cui'rent 
nccefsiitated a special design of loading coil for use on verv long cir¬ 
cuits in order to avoid impairnient of speech quality. 

AH of these difficulties have been overcome and the rituation to-day 
in one in which every wine in a modem telephone toll plant is avnil- 
ablo for operation as a groimded telegraph eirenit^ irrespective of 
whether the w i^ forms part of a loaded circtiit or a loaded phantom 
circuit and irrespective of whether it is in cable or open w ire- Fur- 
llicr^ the tdegraph circuit so produced is suitable for the highest class 
of duplex orieration. In the United States there are thousands of 
milca of such superiniposed telegraph circuits in daily operation. 

iNTHinCHENrF ITtOSl IflOH TEX SION UGHTTXO, POW^EB, AND RA mW'AT 

ciBClijrrs. 

Within the la^ 10 years the art of electric transn^gion of power 
has imdergone radical changes and the whole art of singla-phoae 
allernatitig-current railway operation ba^F come into existence De* 
vclopments of a protective nature for telephone and telegraph cir¬ 
cuits have kept pace witli the development in the disturbing circuits. 
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Tie must notable results hare been obtam«] in oonneetion witU the 
opemiion of tetepbooe ancl telegraph liiiM in proximity to single- 
phase alternating'Ciimnt ruilwairs. In this type of power transmis¬ 
sion fiireiiit the inductive etFects may be felt at distances measured 
by miles rather than by feet, while on wires in close proximity to the 
railway line tiie induced potentials may at times reach hundreds or 
even tlionsands of volts. Tlie problem of protecting low-voltage cir- 
ciiits against these excessive potentials led to the development of 
what are known as compensating tnmjsformers, which, although caus¬ 
ing some trnnsmission loss when Introduced into the telephone cir¬ 
cuit, serve effectively to limit the voltage rise in the circuit to a point 
which imdangers neitlier the operation of the circuit nor the lives of 
those emplojung it. 

In connection with high-tension interference, it is interesting to 
note that in die United States die dilflcuUies from interference which 
beset tile telephone and telegraph engineer have reacted to produce 
material altera dons in the methods of power circuit operation origi¬ 
nally propoaetl. Further, there is to-day a concetted desire on the 
part of telephone, telegraph, and power engineei-s to introduce 
methods of operation which will bo productive of minimum incon- 
ventenco to all concerned. 

XJio great growth in tlie higli-tensjon network which covei^ the 
coiintrj*, pariicnlarly in tlie thickly settUil commercial sections, has 
added liaimrds to life and property ms well as inductive distnrbaniai 
troubles to the proidem of the telephone and telegraph engineer. 
Wtli the increasing complexity of die aerial line plant and moi-e 
particularly through ttie economic and legislative necessity for 
reducing tlie number of pole lines to ii miniiuum by joint occupancy 
of low and high-tension wires, die possibility of physical contact, 
ptirticiilurly in times of storm, has been greatly enhanced. One of 
the very grout advances which has been nuidc in ttio last few years 
has been in defining proper specidcationa for joint u,se construction, 
proper specifications for safe construction at crossing points of low 
and higli-tension wires, and the formulation and adoption of proper 
types of pole-line construction for low and high-t^ion wires in 
general, 

TELEFIIOXES FOB TR.iJN DISFATCHIXO. 

In the railroad field the use of the telegraph for controlling train 
oi>erations is rapidly giving way to the telephone. Up to a few years 
ago the telegraph offered the only feasible means for handling this 
class of service, which required the dispatcher, located at a cent nil 
point, to keep in constant touch with a large munber of stations along 
the line. There were frcqiientl}'^ as many as 50 or 60 of tltese stations, 
and each office had a predetermined caU or code which enabled the 
dispatcher to caU in the particular operator wanted. 
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During the fu’rt* years thoroughly relinble niechamsms have 
been produced for ^kctively signaling a large number of telephone 
stations on the satiie line. With this meehani^^n the dispatcher, by the 
simple process of turning a panicular koy at the central pointn, oper¬ 
ates a signal^ usufllly a bell^ at the desired station without signaling 
any of the other stutidns on the line^ As soon ns the called operator 
picks up his telephone he^ and he alonCi is in direct communication 
with the dispatcher over a high-gi'ade telephone eirciiiL 

Tlie dcvdopinent of tliis effective idgnaling apparatus has removed 
the principal obstacle to the general adoption of the more effective 
and flexible telephone and Jt seems only a qticsiton of tizne when 
practically all train dispatching will be done by this means ratlier 
than by tdegraphp 

TELIIPHONE APFAICATUft. 

Because of the rapid develripment of the telephone art it has actii- 
jilly been diOicult, at times, to produce the new apparatus needed to 
keep pace witJi the service rcquireiiiecits. Tliis was particubirly true 
in the l^eriod preceding 1905. Tho result was that 10 years ago tlie 
telephone ^stem was employing a great variety of apparatus per¬ 
forming almost identical functions and consequently the quantity of 
each special type of a|>paratus required was small and the manu¬ 
facturing costs cori'cspondingly high. 

With the telcpbono industry assuming gigantic propoitions this 
state of affiiirs obviously could not continue indefinitely without 
entailing great inonetnry waste. About eight yearn ago, therefore, 
the matter of unifying tdephone apparatus as much ns possible was 
undertaken with the result that there are to-day linc« of apparatus 
witli blit sliglit differences in stnicture which are capable of per¬ 
forming a variety of functions- This has been brought about largely 
by tile employment of unit types of constructions capable of being 
as^mklcfl in n variety of wava 

All this has resulted in the adoption of more effective methods of 
manufacture with a consequent reduction in cost. One of the urjst 
noteworthy results of this general development has been the substi¬ 
tution of parts punched and formed from sheet metal for parts 
previously made from castings or machined from solid stock. Tliis 
use of sheet metal has also resulted in lighter and Ampler apparatus, 
occupjing less space in the switchboard or substation. 

A noteworthy example of Ibis standardization of types is found 
in rebiys, of which himdreds of thousands are emploved in central 
ofGce ^uipmonts, A few yens ego there were almo^ many types 
of relays as there were indi^-idual service requirements, TcHdav'tMs 
has b«n changed and the number of types induced to very 'small 
proportion^tho necessary service requirements being obtained by 
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sp«cicJ windings und 8p€ciiil nrrangements of contnct springs eis- 
s«inbled from standard parts. 

AiiotJior striking changa in teleplione appariitua has been -the sub¬ 
stitution of metol for wood, particularly tn connection with the 
liousing of aibstation apparatus. TVliero formerly the subscriber's 
set and the apparatus box were made from wood, tlic standard 
liructice now is to employ draum-steel Iionsings, properly Japanned. 

a WIRR TELKtJRAPFH*. 

I.ASD HTSTEilS. 

Although tho telegraph was tlie first of the electric intelligence 
transmission systems in the field, progress in the art during the 20 
years following IBSi* was not as great as the progress in tho telephone 
field. Bwentl.v, however, great activity has been shown in the mat¬ 
ter of udlixing the telegraph-wire plant to better advantago. Not 
only has the use of tlie auperiinposed telegraph been greatly extended 
in the telepUodie plant, but there have also been striking developments 
in the rcelm of printing and high-speoil tclegrapli ^stenisL 
The primary object of tbe% developments has been economy in 
the wire plant and in operating costs. ^Vs a result of what has been 
accomptislied it is probably an underestimation to state that ono 
telegraph circuit can now be made to carry ns much traffic as four or 
five circuits operated by Imnd-speed MoiU. It should bo noted in 
passing that this statement is not intended to convey tbc idea that all 
ttli'gnipli circuits shotild be so operated. 

Two radically difiorent fundamental ideas have been devulolwd in 
the lost rlTOide, namely, the high-speed and the multiplex. In the 
high-speed printing system the messages are first prepared on per¬ 
forated tape by a number of operators, and these tapes when col- 
lected are fed into n transmitting machine in sequence. Tliis trans. 
mittiiig machine convcrls tho pcrforatlous in the tape Into telegraph 
f^ignals, which pass out over the line. At the receiving end the mes¬ 
sages may be printed directly on a paper tape or they may be received 
as ^fonitions in a tope, which is later fed into n special typewriter 
designed to translate the perforations into Homan characters. 

In higdi-speed systems the printed tape at the receiving station is 
gummed to the telegraph blanks. Thus the operations at the Bendin<» 
station of bringing the perforated tapes to tlie high-speed traji^" 
mitter and at the receiving station of distributing the messages and 
gumming tho tapes are manuai, and a natural development wouid 
bo toward pertorming these operations automatically or else elimi- 
natiug them altogether. 
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The multiplex tiriw of priotiog lelegmph aecnmplishea this pur¬ 
pose, nncl tile preiient indientions are thfit it will become the preferred 
scheuie for hundliti^ the hmi^' telegraph traffic which obiains be¬ 
tween lurge cities. 

Tn the multiplex s>'stem tlic line is switched to each operator in 
turn and at each switching the electrical signals, forming a one^letter 
combination, are transmitted over the line. The switdiing mecha¬ 
nism operate with such rapidity that it is possible to obtain a speed 
of from 40 to 30 words per minute from each sending operator. 
Thus in tlie case of a quadniplo duplex—that is, a circuit trans¬ 
mitting four messages in each direction.' ^uiuUaneoiiaty over one 
wire—the total currying capacity of the circuit would be from 320 
to -100 wonts per minute. 

In tlio multiplex system the messages are perforated on a paper 
tape, as in tbe case of the bigh-speed systems, but instead of one 
transmitting machine anil one printing machine operating n 
liigJi wpwi a rtumber of £epa[^ti:s tritnstiiitiers jinJ printers sire iised 
at each cad, Tlifse transmitters and printers ture conneeted tr> the 
switching tnechanismBt tiad by means of properly designed syn¬ 
chronizing opparetm the instniments either end of the line Are 
kept in proper relation !<► one anotherj, so that each printer is always 
associated with its own transmitter. 

Olio great odvanUtge of the multiplo->^ from an electrical and nu*- 
chanicij] standpoint lies in the relatively long time intcrvala wliicrh 
obtain. Thus, after a letter combination has been sent qtit by a 
Ininsmitter to the distant printer, the transmitter has ample time to 
set up another letter combi notion atnJ the printer to print the letter 
and to restore to normal befoi'e the niadiines are again contiected 
to the line, 

Tlic multiples printing telegniph syatem now being manufactured 
by the W e^orn Klectric Co, has shown traffic loads per circuit aver¬ 
aging nearly onc^third greater than those carried by previous uiulti- 
plex systems using tlie same number of oi>erators. As compared with 
high-speei;] syslcms^ thetraflic handled by this tniiltjple?^ is probably 
4t> per cent greater per average circuit, aithough tlie nninber «iV 
operators iTjquired is less. 

An outgrowth of the work on multiplex printers has been the 
developnicnt of eloctrleol printing mechanisms whieli bid fair to 
have fi wide field of nppUcation m other services, such, for example 
as in Ihi! operation of large commercial and manufacturing estab^ 
lishmcnt^. 
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TELECItAPjI FOR R.MLWAY HER VICE. 

As noted in connection with teleplione developments^ the produc¬ 
tion of suitable selective signaling apparatus has made possible the 
suhslituticin of die telephone for the telegraph in I he handling of 
train movements on niilwuys. 

As this rail way service has been one of the principal use^ of the 
telegiaph for more than 50 years^ its abolition would appear to make 
the hnndling of commercial merges for business not conducted by 
tdephone nnd the ti-aiihniission of press diapatchcs and other matter 
which con be done most ecanoniically in tliia way the principal future 
field for land telcgriiphy* 

SmsIAKlNE TULl^OttAPH CAfiU^ 

For many years developmente in the submarine-telegraph field 
wore pi'fletically eonfioed to improvements in the ty[>es of cable em¬ 
ployed and to minor improvKinents in Um terminal apparatmw Dtir¬ 
ing the last few years there has been renewed activity in this highly 
important branch of communication. 

In particular much has been done in the way of amplifring the 
feeble cnrrent.s received through long ocean cables^ thus rendering 
legible current fluetuatlons wliielt would otlierwise be too feeble to 
proilucu readable signals on a siphon I'eeorder tape. A direct result 
of iimplifying the signals hns abo b^n increased speed of tnuisinis- 
sioii. 

^^'ithin the last two or three esperimentB have likowdse been 
madu with a view to recording cable signals as dots and dashra on a 
sonneier^ so tliat they can Ijo read by ear^ as is done in tlie Case of 
Alorse telegraphs. Just how far thb line of dcvelopmentj which 
would perm ill connecting together submarine cabli^ and land tele- 
gmpli linesT will succeed commercially is a question yi^t to be de¬ 
termined. 

The most recent work on submaririe telegmpliy has been thnt of 
Col. Squier^ of the United States Army, who ha5 desigiici! a system 
of ultcmatmg^urreiit cable signaling which gives promise of con-^ 
alderable appllcAtion. 

3. FtVDKyrELEPIIONY AND TKLKtlRAPnT. 

Since the whole Life of the art of rudjocommunication is scarcely 
more than 15 years lung* everythtug which has licen done is m a 
sense B recent developments The physical phenomemi involved in 
radiocoiiitiiutiication are m spectacular and weird that more atten¬ 
tion on tlie part of the general public has probably been accorded 
the progress of the art than is usually given to the commercial de- 
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velopmonts of i^ectrical science. For this r&asoo it tvUl doubtless 
sullice to confine our oonsideration to ^vhat lui^ been done during the 
hist five years. 

At the beginniiig of the pr^nt decade, radiotelegmphyj although 
serving a useful purpose in connection with ship-to^sliip and diip-to- 
shore services, was still in a very unsatisfactory conditioru Vety 
little had as yet been done in the matter of developing siicce^iil 
long-distance conununicatiott. With one or two minor esceptioiis of 
what were in reality experimental mstaUations, practically ali radio- 
rommunication wjis on a spark-system basis. Continuous wave train 
systeiEJ^ were beginning to loom up as possibilities of the futurej and 
controversies as J;o the relative merits of such systems and the already 
known spark systems had already begun- 
At the time in question—say, 11300—nuiiotdephoiiy, except as ji 
theoretical possibility supported by a few rather unsatisfactory 
dcaionstrations of an experimental character, did not exist- Certain 
tilings bad, however, been reajeoiiably well determined m essential to 
any future development along this linej fur examplOi the necessity 
for a continuous or alniost a>ntmuouB form of wave train aiiil some¬ 
thing other than the direct insertion of a telephone tratisudtter ift 
the anteniia cLreuit for modifying the higli-fi-ef]uency ivaves. 

By the firsat of 1&13 what was termed commercial trans-All antic 
commiiiijcation by radiotckgraphy had been accumplisliedii and 
although spark systems were still in the great inaiority, continuous- 
oscillation systems were beginning to come into favor, partieulurly 
for long-distance service^ In a practical sense, radiotekpbony had 
not, bowc verj made very much progress. 

a£N££A-31NO 

During the past five years most of the progress in the field of gen¬ 
erating apparatus has been in the direction of producing contiiitiuus 
oscillations of large power* In this connection should bo mentiuned 
the Gold^Liniidt generatori the static {ref[uency cluingcrs of the 
Tolcfunken Co,^ improvcinenLs In the Poulscn arc intended to give a 
larger output and more stable operation, the high frequency alter¬ 
nators developed by the General Electric Co., and thermionic de¬ 
vices, Some of this apparatus has reached the stage where it is in 
everyday commercial serviect while the rest is still krgclv in Uie 
experimental jftage. 

tLiLbliiTtNO ftTSTEMS. 

During tlie post few years practically nothing of tmporlan<« has 
been published on the fnndatuental principles of radiating systems. 
The general trend of commercial or experimental radio station con- 
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^ruction has been toward tho UiSe of larger antenna stmclur^a at the 
seDding station with a corresponding lengthening of the most eBi- 
dent wave length to be ti^ecL Although present knowledge is still 
verj meager, this tendency to large antenna ej'Stems at the sending 
station is the result of the general experience in long-distar:Lce radio- 
traiisniJssion, which appears to show that the lower frequencies, that 
is, the longer wave lengths^ are more readily and efficiently trans¬ 
mitted than tl^e higher frequencies or shorter waTs lengths* 

Por receiving^ the use of amplifying dedees has pcnnilted the 
adoption of veiy cheap and simple structures* Experience has 
sliown til at the reduction In receiving effidency by tiio adoption of 
small antenna sj^stenis is compensated for by the reduction in atmos¬ 
pherics disturbances—thie making possible the use of n high degree of 
iLiuplihcation of the received signalsi 

TOA^BMISSIOS. 

The moat imiwrtant data on the laws governing the strengtli of 
received signals which has been published during the hun few years 
are those obtained by Dr. Austia^ of the United States Kavy Depart¬ 
ment* This data was in process of being augmented by a compre¬ 
hensive series of simultaneous observations at widely separated sta¬ 
tions under the direction of an intemational organi^sation at the time 
present hostilities in Europe cornmimced* Until such international 
cooperation can be reestablisluid little of value is likely to be done. 

llKCEIVIXa APPARATUS. 

As Inferred above, the sensitiveness of receiving apparatus has 
been very greatly increased during the past few years* This has 
been accomplish ed largely througli the employ men t of detectors of 
the so-called Fleming, Do Forrost^ and Von Lieben types, together 
with ilie use of locally generated osciltation methods of receiving 
continuous wave-train signals. The introduction of cOnLiniioiis wave- 
train f^stems and the improv-ements made in spark-sending appa¬ 
ratus liavo al^ made possible a decided increase in selectivity a£ 
Uifl reoeiving stations. 

ATMOSPllZBIC AXn IXTOtTlMENCE DISTURBANCES^ 

Although so-<^aDed atmospheric diEturbauces and interference 
from other radio stations have always been recognized as one of the 
serious limitations to the successful employment of radio and 
although a vast aziiouiit of labor has been expended during the past 
four or five years, the actual progress toward better conditions has 
been relatively snmO. 
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III the mil tier of station mterference Uio iiDprovemotits in trans¬ 
mitting otid receiving apparattis jtist noted have^ of course^ tended 
to decrease tlie amount of trouble from this source. 

I>espite all endeavors atmospheric distnrbpnces of i^arioits kinds 
are still a vast obstacle to the sraccessfiil use of radio in some loeali- 
ties, and in ail locality at certain seasons of the vear. Many 
schemes for the elimination or reduction of these disturbances have 
been proposed and tried oiity but none have as yet aliown themselves 
to be even measurably successful 

OPERATING ^prrilOfi^!. 

By far the larger part of radiotelegraph messages are handled ot 
comparatively slow speeds ^rith hand ^ndiwgt ulthough automatic 
machine sending has been tried out to u limited cstoaL The recciv* 
ing is done lorgely by ear. Duplex opemtion involving the use of two 
antennie at each end has come into use to u limited extent—the 
sending system being under some foitn of dlistant control by tJie 
receiving opemtor, 

TOAIFIC^ 

The present eommcrcia! traffic is largely special in nature^ such 
03 ship-to-shore and sliip-to-sljip aervice^ l^Trere land husiuesa ii3 
involved the mcs£ag?es nre collected largely by the telegraph com¬ 
panies and passed on to thij radio companies for transmission. In 

ndditioTi to this special service for which no wiro^ competition is? 
pus&ibkj several regular tranaoccanie services are being maintainedj 
notably those from Tuckerion and Sayville in the United States to 
Hatiover and >^auen in Germnny and that between San Fnincisco 
and Honolulu. 

EEOCL-’^TIOX. 

With the rapid growth In the number and power of radio stations 
during the past few yeera, conditions of operation under a system 
of no control become so difficult that the whole matter of radio regu¬ 
lation by law has receivfid a great deal of attention^ not only in indi¬ 
vidual countries but also through cooperative intornutional aii^tion- 
The importance of radio communication in matters of hazard to life 
Lit Fca and in matters of maritime w'arfare tended to augment the 
necessity for rigid control of commercial radio systems. 

Although much haa been done to nmeliorata the state of affatrd 
existing some years ago, further extensions of radio sen ice and 
furthor improvements in radio transmitting and receiving apparatus 
will nndoubtedly necessitate fu^er action by governmenta, both 
individually and collectively* It is to be hoped that {egklation will be 
based on actual physical possibilities rather than on what might be. 
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IIAIIIOTELEPKOSV, 

■i 

’Wlxile tbo foregoing i-onmients un recent dovelopmcjit^ pertain 
luainlj to radiotelegraphy^ niany of tliem apply equally to radio- 
tekphony. At the same time it can be said that up to witliin the 
last year or la mimtlis very little of prsciical importance had Wn 
done in the field of radiotelephony* 

During ISUa very considerable progress has been made and as is 
well known, succe^fiil radiotelephony has been carried on between 
the Xovfil Radio Station at Arlington and such distant points as the 
Isthmus of Panama, San Froncisoo, Son Diego^ Honolulu, and Paris. 
Art important part of this work has been u demonstration of the 
pmclicohUity of directly connecting lung-distance tekphune and 
tekgi^apb Avires to the radio system at either the transmitting or re¬ 
ceiving enfi, thufi making possnbk a ooDtiniious commiinkutlon chan¬ 
nel involving one or more wire and one or moi‘e radio Unk^ 

The success of these recent improvements in long-dbtance radio- 
teJephonj has been made possible not only by improvements in the 
receiving apparafcnft bMt moie particularly by improvements in the 
transmitting apparatus and in the means for influencing and modu¬ 
lating the radiation of large amounts of energy frimi the antenna 
syTteia. 

FOR TffE THOPiCi 

In u nii'isting such as a Pan American Solentific Congress, where 
many of the delegates are interested in the cotiditiona which obtain 
in the Tropical ZonCj no paper on recent developments in telephony 
and Udegraphy Avould lio complete wjtliout some mention of the 
special developments that have been made to better the operation of 
apparatus used in such localities* 

Rough]V speaking, the eondidons of telephone and telegiiiph ojver- 
alion which reiiiiire Rpeclnl consideratiua in tropical countries nre 
tho»e ariijitig froiu : 

h Tlje higher temperature and higher average humidity Avhicb 
obtains. 

2. The greater severity of Lightning storms and other atmosplierle 
disturbances. 

3. The prevalanco in mtn^ localities of insects which are peculiarly 
destructive to Avood, fabrics, and even to metals. 

Trouble in telephone plants from the first of theso causes is espe¬ 
cially noticeable wherever there is couunon battery operation. Wtih 
this system practically all parts of the local tekphone plant are sub¬ 
jected to the continuous application of the central olHce battery vedt- 
age* TJiis, obviously, reiailta in increased electrolytic corroeioo 
trouhle^i where there is any chance of such actiom 
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Recent Ir switchbtwrd cables, electmrtflgnet coils, switchboard 
cords, and in general ibe instruments tbemsekcs have been sc im^ 
proved that operation in the tropics is not materially more trouble- 
senna than in the Temperate Zones. These improvements, which are 
largely m the nuture of raoistwre-proofing standard equipment or the 
pn^uction of corresponding moistnro-pcoof have resulted 

from corefiil studies made by engineers in the Tropics. 

A few years ago there were many complaints about apparatus 
invohing wood mimufactiired in the United States and Europe and 
installed in tropical countries. These complaints covered the de¬ 
struction of the wooden portions by so-called ** white ants. ^ So 
numerous did these complaints become that it was clearly evident 
that soma substitnte for untreated northern woods would have to 
be obtained. Two nlteraativeg presented tbemiJelvcs—ooo, the use 
of tropical woods which ejrpcrience had shown to be relatively free 
from termite attack, and the other, some treatment of the ordinary 
Temperate Zone woods generally employed by telephone and tele¬ 
graph companies. ‘While tho careful studira which were instituted 
and which involved subjecting samples to acttinl eiposuro to termite 
attacks have not yet been completed, it is clear thot cither tenk or 
mahogany is a relatively safe wood to employ. In some cases, of 
course, tlio value of the apparatus hardly justifies the expense of 
these woods, and doubtless cheaper Bubstitutce will ultimately he 
forthcoming. 

’tt'hile the so-called “ lead bug ” is not confined solely to the Tropics, 
its ravages appear to be more widespread there than in Temperate 
Zone countries, such aa the United States. Thus fur no very effec¬ 
tive economical means has been found for preventing its destructive 
action, particularly to lead cable sheaths, Kumcrous esiwrimente 
ore under woy at the present time, some of which it is hoped will 
lead to on amelioration of this trouble, 

In the matter of metal finitshes, much improvement hos been made 
during the last three or four years particularly where iron or steel 
parte are involved. Wliere long life for the apparatu.s is required it 
has been definitely proven that the utmost jirecaiitions nro required 
in finishing apparatus intended for installation in the Tropics. In 
general tliorougbly satisfactory protective finishes must involve tlic 
use of a coating of some nonniatlng or rust preventing metal on the 
iron, oitlicr with or without an additional covering of japan or 
lacquer. 

SOnkTART, 

Sumniarixed briefly, the principal developmente in the field of 
intelligence transmission during the last four or five years have been 
the introduction of high-siwed and printing telegraph systems; iro* 
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provemente in ilie accuracy and speed of submarine cable telegmpJxy; 
very great extensions in the use of loading nnd phantbrning on tele¬ 
phone circuits* both oi?cii wire and cable, and particularly in the 
combination of loading and phantoniing; the development of suc¬ 
cessful telephone anipliGers; and in general the reduction of ap¬ 
paratus ruimnfacture to a more uniform and economical basis* In 
tijo field of radio communication the developments have been in 
tlio production of better telegraph apparatus; in inciijai^d range 
and reliability of rfldiotc]cgraph>% imd recently in the successful ex* 
[>erjmente which have been made tn long-distance radio telephony. 
Of major importance in tlxis field has been the estaldlshmentj lie- 
}ond question, of tlie practicability of directly connecting long dis- 
t:mcc ndre telephone and telcgroiih lines with systems of radio- 
transmission. 

With the developments already accomplished and with the other 
developments noAv in progress, it is possibloi to predict with some¬ 
thing of as^rance the pmbnble trend of tlie various ^wrvices dui'ing 
tlie next few years. The exact fields of telephony and telegraphy of 
wire and radio commtinicntjon are becoming more clearly definedi 
and it is evident that the whole art of intdligcnce transmission 
“ electrienlly will develop with the varioua serHcea acting coopera¬ 
tively i-edier than competitively. Telegraphy is essentially not a 
competitor of telephony in the service it is fitted to render luaukind, 
and the physical limitatmns imposed on radio commimication $hovv 
that wliile it has a distinct and valuoble place in the art which will 
be vngnrously develo[>cd, that place does not involve any active com¬ 
petition witli wire telegraphy or telephony. 
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sm DAVID GILL (1843^1914) 


By A, K EDDi?faTa». 


By the death of Sir Duvitl Gill astronoisy hss lost one of iLa ablest 
and bfcft-kno^vn leaders. By his widespresd actinty, his close aego- 
cintion with all the great enterprises of obserrationfll astronomy, and 
by tlie energy and enthusiasm of his clmnicter, he had come tn hold 
an nliuotit unJi[Uti position In astronomicol councils; and the with¬ 
drawal nf his great motive power leaves ii nniversiU sense of loss. 
By his individual achievements and by his leadership lie has exerted 
an incak'ubble induence on the progress nf all that pcitains to pre¬ 
cision of observation. It will be our tELvk in this notice to give an 
outline of his work as an satronomer, but to underptand his immense 
influence it is necessary also to realize the personal chnracter of the 
man. Thoas who came in contact with him felt the charm of his per¬ 
sonality. In some indcflnable way he could inspire others with his en- 
thumosm and determination. Enjoying a life crowded with activity, 
surrounded by an unusually wide circle of friends, he was ever ready 
and eager to encomuge the humidest beginner. It was no perfimc- 
tory intci-est that he displayed. He was quick to discern any signs 
of promise, and no iesa outspoken in his criticism; but, whether he 
praised or condemned, few could leave him without the tniest odmira¬ 
tion and affection for bis Eunple-hearted character. 

David Gill w‘ps Ixim at Abcrfleen on the 12th of June, 1843. Ilia 
family hnri long lieen associated with that city, where his father hud 
an old-established and successful business in clocks and watches of 
all kinds. In due course he entered the Marischal College and Uni¬ 
versity, Aberdfien. .Vt that time J. Clerk Maxwell wn.s a professor 
there, and hia teaching had a great influence on tlie young student, 

I Judged by ordinniy stondards, 3 lax well was not a successfui Jee- 
ttireri but there were some students who could catch a part of his 
meaning os he thought aloud " at the blockboanl and feel the im- 
pressinn of his personality in after-lecture conversatiou, and these 
found him an inspiring teacher. Gill was among these, and he be- 
cune imbued with s zeai for experimental science which soon mani¬ 
fested itself in his setting up a small laboratory in his father’s honse. 

bf pflnniiHiiftn train ^ottosi &X tJ» AJtrciB^Icnl Sodntr. 
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Up to rlie age of 20 Gill's scicDtilic interesjLs appear to have liad no 
particiliar itielLtmtion to astronomy, but in ISGA lie Iweamo ilestroiis 
of securing an Bocarato time service at Aberdeen. Encouraged by 
a mit to Prof. Piazzi Smyth at Edinburgli Observatory, he sue* 
ceeded in interesting Prof. David Thomson in his efforts. There 
was at that time an old observatory at King's College, Aberdeen. 
Together the two men uncartlied and set up in ndj iLstiiient n portable 
traiia-it instrument which had long been distiseti, the sidereal cliK'k 
was overhauled and fitted with contact spring? for the electrical con¬ 
trol of other clocks, and the otjEcrvotioiis for time determination now 
becaiuo the chief occiipiition of Gill's leisure evenings 

It was not long before he began to seek for an instrument wliich 
would give him n wider Scope for ostronomical work. He met with 
a second-hand silver-on-glasa mirror of 12 inches Rperture and ID 
feet focal length.^ Tiie task of mounting this equatorially gave lum 
the first opportunity of displaying that skill in instrumental de¬ 
signing for wliidi he afterw’iirds became so famous; and the w'liole 
jiioutiting was made from his working drawings. lie made the driv¬ 
ing clock witlj hk own hands. 

Among the chief results obtained wlUi this telescope Avere some 
e:;oeUcnt photographs of the moon. At that time Lord Lindsay 
(son of the Earl of Craw ford) was planning to erect an olwcrvatory 
at Dull Edit, li} miles from Aberdeen, Having seen these plioto- 
graplis, he visited GiU in order to see his instruments and metlioils 
of work. The acijualntiuice thus formed led to Gill's receiving early 
in ISta an invitAtion to take charge of thn Dan Edit Observatory 
that Was ahaut to be erectccL 

At this time GiU was actively at work all day, his father having 
retired, leaving the business In his hands; it was only hla evening 
iJjAt could lie devoted to scientific pursuits. He hud married in 18TD, 
and Was living in Aberdeen near his little observatory. To accept 
Lord Crawford’s offer meant the giving up of a fioiirisliing business 
ami a heavy pecuniary Eacrifice; but by now astronomy was claiming 
liiirt inesLstibly, and he made the choice without hesitation. The 
biisucss that he now relinquished had never been vongenifd to him; 
but the time he had devoted to the clockraaker's art hnd not been 
wasted, for it is reasonable to believe tliat hk natural mechanical 
genius WAS in no small measure fostered hy this early training. 

nill's direction of the Dun Echt ObBervotory lasted from 1372 to 
1376. It was his task to design and Install the fine equipment that 
was rapidly acquired—for him a foretaste of the dmilar work he 
was afterwards to carry out ot the Cape. But this period of hia life 
is chiefly remembered not for obsen ations imude at Dun Erht but 
for rm expedition to the island of Mauritius on (he occasion of the 
transit of Venus, 1374 It was in preparation for the work at 
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Mnuritins that he 6r«t licgiin to iiso the hdiometcr, an irvstmment 
^vith which his most edehrated rosearches were afterwards mndc> 
The 4-mch hcliomotcr of the Dun Edit Observatory {afterwards pur- 
diased for the Cape) was made under Gill's superiutendenoe by !Rep- 
sold; and whilst it was in the course of eonstmdion bo took tho op¬ 
portunity to visit n am burg for the meeting of the Astronomische 
Gesellschnft in llJTS. Besides attending tills congress, Gill visited 
eeverat of the continental observatories, and in this way made the 
acquaintance of the leading European astronomers, and also obtained 
an insight into tlie organization of the large observatories. 

The Mauritius expedition introduced him to two of the great prob¬ 
lems, which more especiolly bo made his life's work—the determina¬ 
tion of the solar ptimllax and the problems of geodetic measurc- 
nieiits. Deferring, for the present, considprntion of the scientific 
resitUs of tliis expieditton and of another expedition to iVseenston 
Island in 1877, wc pass on to the nest great step in his career. 

Early in 187ft David Gill was appomted by the admiralty to be 
Her Sfajesty’s nstronomer at tlw Cape of GfH^ Oopc, in sticcession 
to Mr. E'. -J. 8tone. Before sailing for the Cups he made another tour 
of the European ohservatories, visiting Paris, Leiden, Groningen, 
Uamburg, Copenhagen, Helsingfors, and Poulkovo. Perhaps the 
most important fruit of these vifflUi was his acquaintance with Dr- 
Auwers and Dr, Elkin, which led to much valuable cooperation be¬ 
tween them. 

On the ‘29th of May, 1879, he arrived at Cape Town and took up 
his duties at the observatory. The only instruments which ho found 
in Use were the Airy transit circle, n 7-incli equatorial, and a photo¬ 
heliograph. The observatory, founded in 1920, had fulfilled a useful 
duty by the regular work of meridian observation, tfie early Cape 
Catalogues being a most ^'aluable source for the positions of the 
southern stars. Its liistory had also been marked by one conspicuous 
ndiievpnient—irendetsorio detection of the parallax of s Centauri, 
the first proof that the parallax of a fixetl star could amount to a 
measurable quantity. MHiilst the iustruments and ohser^ atinns might 
Ijc open to nnuiy eriticismo, the work was, for that period, fairly effi¬ 
cient. But the standard of precision was being raised, and Gill’s 
standnnl was the highest of his time. To his mechanical insight the 
faultv design and unsattsfactory repair of the old instruments was 
apparent, ond he would not rest until tlie defects were remedied. 
He was no believer In the jViry type of transit circle, incapable of re¬ 
versal, but it was many years before be could obtain an instrument 
according to his ideals, Jlenuwhilc it was necessary to moke the 
l>est of the existing telescope. The object (Hass was deteriorated, tlie 
micrometer screws w'ere worn, and the whole iiuftrumcnt was in need 
19018*—SM 1915—33 
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of H thorough o^'erhauL He at once set to T^'ork upon it with his 
usual energy, and so transformed it that for differential work it left 
little to be desired- Tho Airj transit circle performed use fid serWoe 
nntil 1901, when ifc was replaced by the new reversible transit circle. 
It b iftill used at times for special researches, Tlie T-hicli equatorial 
Was likewise submitted to a ihorougli overhauls 

The only iminedliite addition to the equipuient was the 4-jnch 
heliometer, which was secured by Gill by private purchase, With 
this provision he was content to spend the first few years of his 
directorship, until he should be in a stronger position to press his 
claims on the ti^asiiry* The princi])o! odditions made during the 
siibsi-qitent ycors that he spent at ihe Uupe wer^s the O-inch Dallmej'^r 
leiu? used for the photographic Durchmusterung, acqtiired in 1884; 
the 7-Uich helionieter in 1887, the ostrographic refractor erected in 
1890, the Victoria telescope (a 244nch photographic refractor wltli 
guiding telesi:oi>e and spectroscopic ocpiipment) in 1898, and the 
reversible Lranbit circle in 1901. He was thus for his first researches 
limited to instrtinients of very moderate size and cost* and the sue- 
cCEs With which he afterwards obtained an sderpinte provision for 
the observatory wii^ due both to the confidence inspired by his bril¬ 
liant early work anti to his pertinflcity in pressing the ikccds of 
astronomy. 

If from bis many and varied services to aslronomy wb were aakorl 
to pick out the one in which ho arrived at the most striking and 
complete success* tliere b little doubt tliat the ans^ver would be hh 
cktcmdnation of the solar parallax. At the time wlieu Gill* by 
accepting the charge of the Dun Edit Observatory definitely eiii- 
barked OH an astronoinicat career a edesda] event of the first magni¬ 
tude was fipp^Mcliing—tlic transit of Venus of 1874. Great c^ijccta^ 
tinns were entertained that this would ei fiord an im]>rOTed iJetermina- 
tioii of ikt solar pftnilla.v, a fimdamentiil constant which was at that 
tune involved in unsatJsfactoiy uncertainty. Preparations were 
made hy the leading observatories ond astronomical st^ieties on au 
unpreccdcntoclly lavish scale, and espcditiotis were dispatched to 
different parts of the world, Lfoni Lindsav was (xwjpenitine in the 
work nod U.6 I>,,„ Erht onpodilio. took up n atntion .1 Mlnrithis. 
C.d hud oI.-o.Kly lU, opmiou (uhid. hr .ftonv.mi. o„u™ro- 

«Qs1y a<lvoratt't]) that there were other nnd bettor niethmls uf rind 
inp the sun'a parnlltts mvoUing far less expense, fie believed that 
the ^vations of tbo t^tisit ^ere of such a nature that the n-anlte 
would inawunite and capable of more than one internretation 
for tw much deluded on the arbitrary judgnient of those wh.* had 
to discus tire ohwrvfltions. He ileterrained, therefore, to use the 
opportunity of the eiperlitmn to make trial of another methorl 
namdy, momujg "id evening observ«tiona of the minor planet 
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Jnnoj which was then fa^omblr situntecL TIi? fonsideretl thut n 
iiingte observer could by helioineter observations of a oiiiior pliuiet 
nbtam results comruble in accumcy witli thoso deriveil from all 
the tninsit of \^enii3 observations togrtber. Unfortumtelyj tho 
beliomcter was delayed in arrival ut Msitiritiiis, and tlic first half 
of tho opposition of Juno was lost, Ob^rvutiong in tlie latter half 
were secured on 13 evenings and 11 mortiinp, but the parallax factor 
wiis then smalL The result, 8"'.7r±0"^.OtL^ though disappointing 
owing to the causes mcnttoricth gave a clear indication of the value 
of the methcal, and this pioneer effort served its purpose us n pre¬ 
liminary to u more ambitious attempt. From that time onwards 
fiill had ft strong conviction of the value of the helinineter for work 
of Uie highest refineniciiti, nmi be Rct|uire<l hia reimirkalJe skill in 
using it. The transit of Venus wa^ observed by tlie partvt but Gill 
appears to have fortntd so low an opinion of the trustwortUinciss of 
the measures that be took little interest in their sulk^qucnt use. 

In 1877 nn exceptiomdly favorable approach of Mars to the earth 
offered a gooi] opptirt unity for ii I'enew'cd attack on the proldeni of 
the solar parallax. Gill^ who hud resigned his posit inn at Dun 
Echtj began to iirepare for an exjufclition to Ascensum Island for 
this purpose. Ho fully ex|>ectcd tliat Mars wonld^ owing to its hirga 
disk, prove to be a losa satisfactory subject for heliomeler observa¬ 
tion than ft minor planet, w hich is practicaily indistinguishable in 
npptiaranca from the comparison stars; but the parallax factor was 
Sii much tiiore fftYorable than ffsr ar»y minor planet tlien known that 
the opportunity was not to be missed. Hia anticipations pro veil 
correct The value of the solar parallax now found ahowed a great 
irnpruvenicut on any previotis deteniiinatioiL Tlio 
with a probable errx>r of marks a new stage of ndvance. 

But Gill by this work became more than ever convinml thcit the 
definitive determinatmu of the constant must rest on minor planets. 

For his third and final nttcinptj in the minor planets 

Iris^ Victoria, and Sappho were chosen. Instead of measuring llic 
diurnal parallax^ he proceeded this time by the combination cif ob¬ 
servations miitle at widely sei^aratcd stalloiis. This involved a great 
si'henie of cooperation in which many observatories and individnab 
took some part. The actual Iiriiomcter mcftsurcs of the planets were 
made uiainly by Gil! ftiicl Finlay at tlie Cape^ hy Elkin and Hall at 
Tale* nud by Peter at Ltd prig. Of the many other conperatorg Dr, 
Aiiwers in particular took ^ hirge and imjHirtant share in the work. 
Accurate places of the comparison stars were needed, and meridian 
ohfier™t5ons of these were made at a large number of plnccg* In 
tile case of ^''ictoria this was gupplcmenied by a hcliomcter triangn-^ 
hition in order to nvoid the vEirious systeiuatk erron^ Uiat affect 
nieridian observations* The ’whole discussion, w^hich fonus two 
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lurgu volumes (vi and vii) of the Cepe AnnuK is i\ retoiirkflWo 
record of a thorough tiiid Jaljorious imdertidting. It vrns purticulArly 
the Idud of iiivci^tigutioii to bring out tho characteristic of 

ifiirs genius, To plan the >vork irw^uired tlii^t perfect understand- 
ing of ijLstruments and ohs^n utions in Avliich ho ^viis utirivated; and 
to carry it tlirougli in itit oojuplcteness rtfqnirtHl a dogged persistence 
which overcame all nlj^iiLcles, an eniliiLsiami vvliich shirked nolhing^ 
find a power of leadership TThicIi inspired all his helpers '^fliere 
have l>een other grent and suece^Hfid ewperative acheiuE^^s since then» 
but wo miss in them the unity of execution which the mnuense driv¬ 
ing forte of (fill's leaderslilp supplied. 

Tlie final result gave for the solar parallax nud 

m due course this value was ndopted {iis8"'^8fi) in the Epheinoridiis. 
In so far as a singlfi investigation can be held to settle so important 
a constant, the solar parallax was now known with all the acciiracy 
rcciuired for the calculations in which it plays a part. Subse<iucnt 
re^+arehrs have all tended to confirm Giirs value ; the discordant 
results found by other iiiethod.s are dlaippcariiigT whilst the stipe- 
riority of the minor planet method lias become more and more numb 
fest. In the Uros campaign of the Crtpe Observatory took 

no share, owing to the northern declination of the planeij hut Gill 
followed the investigation with keen interest and took part in the 
arrangement of the work. The results from Bros^ diminish¬ 

ing the range of unoertainty, so far as oceiilental errors are con- 
cemeilr have not apiprwdably alters the value. Shortly l>efru*o IcUrV- 
itig the Cape, Gill Lmtinted a determinatiun of the ^mc conistniitby 
means of spcctivtscopic observations, the line-of-sight velocity of the 
earth relative to a star being measured at op{>osite masons, so that 
the earilva orbital velocity is found. These observations are now 
yielding excellent results- 

We have seen that bis tneaAUremcnts during the ohservat ions of 
Juno at Mauritius convinced Gill of the value of the heliometcr 
as an instnniieut of research. In iiis hands it was capable of re¬ 
markable accuraevK The instrument b peculiarly dilBcult to use, 
and the number of those who observe with it has always few. 
At the time when the 4-inch liistr\iiiient was coustnicted for him 
the heliomeler waa nsi^iaUy regarded in England as an exercise for 
the textbook or tlio examination questidn. Even now that its pos¬ 
sibilities have been demonElratcd it has not been taken up widely. 
At the present day it Ia natural to prefer photographic methods, 
which give equal nr perhaps slightly superior acctiracy, whilst mak¬ 
ing far less dciuaaiLs un the obser^w^. Perhaps, tooVtho prospect 
for future progress and development is more ol>vioiis in the case 
of photographic than of helioau-ter oli^rvations. Certainly GilTs 
success with lUc hdiometer never blinded him to the advantages 
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of the long-focua refractor, iintl he fully ghured the modem tendency 
to depend more nnd oti photography. But there is one ad¬ 

vantage of the heliometer over the photogniphic rofmctor* both 
for solar and stellar pamlhsesr, on which Gill strongly insisted— 
the heiionieter measures are independent of the color of the object 
under oWn'ation*' He maintained; and confirmed by cxpcrijnental 
ofjsen'BtiotiSn that the skilled observer in milking coincidences of 
the iinages matehea the colors and not the most intense points of 
the rulnutc spectrum caused by atmospheric dispersion* This is a 
relincrnent obviously impossdblo in photography^ and. for examplor 
it ia well known that the doubtful elfcct of atmospheric dispersion 
leaver a little uncertainty in the solaf parallaJC deduced from the 
phiUographic obsefrations of Eros, 

So early as I8T2 Gill hail Iwgim to plan a series of determina¬ 
tions of stellar panilb.t with a micrometer attached to his reflector^ 
an invefitigation which was interrupted by hU removal to Dun 
Echt. On his appointment to the Cape he liegim to apply his ■!- 
inch hdlometcr to thij^ work. In this he was joined by Elkin^ $s 
a volunteer obsejner, mid they set to work on a program of 9 stars, 
including Sirius, Canopus, or and g Ccntaiirin w'ith some stars of 
citceptioniiUy large proper motion. Tlie most important outcome 
of this wiirk was the parallax of ^ Centauri^ 0".7.1g with a probiible 
«?rror of only a hnnclredni of a second of arc. The desinibilily of 
a larger iru^tnimeilt with some alteriitions of design soon beciiino 
apparent, aiul in ISSl u T-inch heliometer was constructed at a 
cost of With this. Gill nnd Finlay, and afterw'ards De 

Sitter^ measured IT stars* including 13 of the brightest in tlie 
Koiithem sky, in most cases with a probable error as Imv as ±0'"*01, 
Ttiese results weits of great interest, establiHldng the remotencsi^ 
anil intciifit luminosity of some of the brightest stars, such as 
Canopii 4 » nnd RigeL Whenever they have liecn put to the test 
GilFs values have always been con firmed* Spurious piirnllaxe,^ are 
a great bane in stellar investigatioiit and, at least until recently, 
few* observers hsive escaped an occitsionul had error; but Gill’s 
paraUttSce can always be relied on* His general accuracy has been 
equaled* perhaps a little stirjnisseil* by mmleni photographic 

determinations; but when we compare the sizes of the instruments—- 
the 40-inch telescope at Yerkes or the 20-inch at Greenivich ^rith 
his 7 inch heliometer—we must marvel at the prctusion iio could 
obtain. The folhawing tabic (given by him) will show the com- 
pamtivc acciirflcy of his work* It gives the probable error of the 


measured positioxi of a parallax star; 

Cambrldire refrBCtar M0.3 feet foctw)* 4 eipoinirea --- ±0'^01S 

Vertcfi refraetor (03 fiMruah 3 . -. ±;0 

HeUDnieter, ane colulilvle ulisenr^llea, L u*^ 10 -- , OCIO 
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Another flpplit^tion of the heliometcr ’s^as inad^ in hts doter- 
mination of the elements of Jiipitcrs satellites and of the mass 
of Jupiter. The longitiir1i<s^ of the satellites can Ije found very 
accurately from the usual oljservnlions of etdipscs, hut the lati¬ 
tudes are more dillicult to derive^ llelionicter monsures had heen 
made liefore hy Bessel and others^ but in all crises the satellite had 
laTn rofen'c<l to the limh or center of the disk. Cfiirs metlw^^l ^vjls 
to measure the distances and position angles of the satellites ixdu- 
lire to one anothei'; fort ns he hml found in oh^ertuitioiL^ of 
liars, the best rcsnlts are only pc^sihlo when the objects to l>e tneas- 
urctl have no sensible disks. The observations were carried out 
in 16D1, On each night the measures were reduced to a constant 
s^'ale hy refeti-ing tbcni to the ilistimco lietwccn t^o stanclard stai's- 
The abj^lnle distance between the stittidimli^ was detcrinlned by a 
lengtliy cfimpia'ison with the distances of etnployetl in die 

Victoria trianguhition^ whose definitive coorilinates; Innl been foiiud 
w"ith an atcuracy quite eiteeptionab Tlieije olHservatiorui Tvere the 
heginning of a v^ery thorough investigation of the whole problem; 
but the further observations and the dt-Scussion of the i^ijlts were 
placed by Gill in the hands of younger men, who coiihl give a more 
undivided attention to the problem. The nature of the investiga¬ 
tion required n repetition of the observations at a subsequent date. 
This wa^ niiule by the late Bryan Cookson at the Cape in LDOl-2. 
Photographic observations were made concurrently jn 1891 nnd 
19CK^ and again in 19P3—b The whole material tluis collected 
fornivd an exceedingly valuable aoiirce for improving the accuracy 
of our kjiuwle<Igc of .Jupiter’s system* The detailca:] discussion was 
taken up by De Sitter nt Giir^ suggestion; he reduced GilPa own 
observatioas during a visit tes the Cape (1897^90), unJ worked out 
the elemenis mid ruas^ dcrirablo from the w^hole work, Tt is 
evident thot Gill attached the greatesi importatico to this work^ 
atid, though the later stagey were in the charge of other w^orkers, 
he followed its progress to the minutest detail* His stimulating 
influence cjirric<l it to a aucccsaful concludoiu if concliisinn it can 
be culled^ for hi hii summary of tlie work in the Historv of the 
Cafie Observatory he urges the need for an extended program of 
future work, and ap|>eaU to astixmomei^ to carry it out. Ilia last 
scientific effort, on the day the fatal illness began* was to write an 
intcoduction to De Sitter^s dlsciuisiion* 

Gil Is detection of the exiittenco of magnitude equation in observa¬ 
tions of right with the meridian rircle was an incidental 

result r^f his heliometcr observations at Ascension. Tliis definitive dis¬ 
covery of » syfitematic personality, by which faint star^ are regularly 
observed loo late relatively to bright stars, has been of fimdamental 
importance in meridian work- He took gi’eat interest in the problem 
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of f^Iimmating this peculiarly difficult source of error by Greens and 
other incthi:»dst and it was n aiurce of greett satisfaction to him that 
the traveling-wire mieronieter seem^f to have successfully nccom^ 
pUshed this object 

Referetiw hiss already been made to tiills early photographs of 
the moon. These wereT of coarse, not by any means the first lunar 
photogntphs, but in 1832 Gill initdc a noLible advance in celestial 
ptiotognipliy by succ^fully photograpiling the great comet of that 
year^ Several pictures of this comet bad already been obtained, 
^vith fixed camera, and thi; knowledge thus obtained ehiit the light 
was stifEcicnlly intense encouraged Gill to attempt to obtain images 
of greater ecientific value by guiding the cijjmerit in tlie nicKJcrn way. 
lie was assisted by Jfr. Allis^ a local photographer^ from whom he 
Ijorrowed a doublet of 2J inches aperture and 11 inches focal length, 
lie mounted this doublet on the 6-inch equatorial^ whiL-li he lujed as 
guiding tclescoiw. Kxi^lleiit representntionB of the comet wer^ ob¬ 
tained with e^iposuiTS of from ^ minutes upwards; but. a fact of 
still greater iuiportance. it wns found that, notwithatiidding the in¬ 
significant size of the apparatus, n great ninny stars were shown 
whose imnges were wull defined over a large fiekb Tliis suggested ihn 
pnAclicability of using similar but more powerful irurtriiineats for 
nmpping tJie sky and for other astronomical ]>uqi 0 ses to which 
photography is now appliedp 

IVe now know Low tlik result htia revolutionized the methods of 
obsen'ntiotinl work. Gill !cd the way in turning tlie new possibilities 
to a praelicral account. The immediate outcome was the Cape Photo¬ 
graphic Durchmustenmg, started in 1SS5. The survey covers tlie 
region of the sky from the South Pole to Dec. - IS'', and is complete 
so far ns [diotographic magnitude 9^2 (on the C-P.D. scale). A 
rajiid rectilinear Da limey er lens of 6 inches aperture and M inches 
focal length was used for the pliotogniphy. The work was completed 
in 18l>0. Very soon after the start Prof. Kapteyn’s offer was r^jve<l 
to devote himself for some years to the arduous Inljor of the meas- 
uroment and reduction of the plntes^ a work for wdiicli die Cape Ob-^ 
servatory w'as unable to provide. This is a further instance of Gill's 
success in nttrncting for his helpers the men best capable of lairrying 
out tlie work desired. "^Tlie association of GiH and Kapte}^^ which 
Iregan tinw^iias preved a most powerful inJluence in the advance of 
stellar investigation! and, to qtioto Gill’s own words, “probably tfie 
most Valuable result of tJio C.P.D. to science is the fact tliat it first 
directed Kapteyn’s mind to the study of the problems of cosmfcal 
astronomy and thus led him to the brilliant researches and dis¬ 
coveries vvjtli livhich his name is luiw' and ever will be associated.'^^ 

We Can only mention briefly the other photographic work with 
which Gill was associated. When tlie history of the inception of the 
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Inleirmtiouftl Astrogrnpfuc Cliiirt and Catalogue comes to be writ¬ 
ten it win probab]}* be found tliiit much was due to GUTb irLitiative. 
It may be difficult to trace whence the first suggestion arose, biit at 
least we Imow that he in its councils fitun the very beginniug 
and gave his whole-hearted support to the great enterpriEe* IIis 
measuring machine for photographic plates, designed by him iiuil 
const me ted by Kepsold, has been very generally copied in its tnnin 
features. Another work of great vnlue which oA%'es much to his coun¬ 
sel and assistance is the chart of the sky made bj tlie late J. Franklin- 
Adams. Hr, Fmnklin-Adaiu^s^ an enthusiastic amateur, who had 
only recently applied himself to astronomy, came to ibe Cape ut an 
early stage of tltc Avork to photograph the Soutiiern Ilemisphen?* It 
needs little imagination to realise Iiow* Rilb by his experienced ad¬ 
vice and his inaslence on a high standard of quality, helped to make 
of this the valuable work that It fjecome. 

In 1S£^ the necessary expenditure for a new reversible transit circle 
at the Cape waa at length sonctioncfL Since his fii-st appointment 
Gill hod lixst no opportunity of urging the need for an instrument 
wliich should be free from the defects whleh wei*e obvious in the old 
design. For the determination of fundamental right ascensions and 
declinations the chief requiiTancnlii nre an extreme stability of the 
instrument, means of climirniting or determining tlio fleNures of the 
A^arlous parts, and of guarding againiiHt the effecta of temperntiu'e 
changes both in the instmitnent and in the surrounding air. Tlie 
problem of equalizing the distribution of tem[>erature wos most care¬ 
fully thought out. Thu piers Avere made bnllqw, covered externally 
with nonconducting material, and tilled with water. Tlie teleHCo|>e 
tube was surrounded by a double envelope of copper to mlulmixe the 
ctTccts of local heating, and the graduated circles were similarly pro¬ 
tected by eopt»r diska. Gf special interest was Gill's method of ob¬ 
taining fixed meridian murks for maintaining tlie azimuth of the 
transit circle. Four deep pits, reaching down to the nnAveathere<l 
rcM'k, were, constnicted imdcmeath the long-focus collimating lenses 
and the marks respectively, and a simple metluiKl was devmHl by 
which the apparattis above ground could be riuidily iict in a delinite 
pckdtion with respect to tbe v^ertii al collitiintiiig lines of cdiject glosases 
fixed in the rock below. 5 to perfect is the stability of those marks 
that it has Wn found possible to ineasttre the movement of the North 
Polu over tJie earth's surface by the ajipareiit change of azimutlL It 
is cerbiin that the device will he Avidcly imitated in future. 

On his appointment ns H. M, astronDmer^ in LR79, Gill Ijogun to 
consider the question of a geodetic ^rvey of South Africa His 
previou&exiierience of sticb Avork had been obtained on the owjaainn 
of his visit to Hnuritius. In ixmuectinn with the Transit of Venus 
cxpeilitions of ISTlj nuinerous longitude determinations made 
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by the various parties of observers; andt indeed^ these geodetic re¬ 
sults proved to be the most important outcome of the %vhole work. 

share was n chain of telegraphic longitudes connecting Berlin 
with Mjilta, Alexandria. Suez, and Aden. Before returning homo be 
proceeded to Egypt^ in r^ponse to an invitation from Gen. Stone, 
chief of the military staff of the Khedive., in order to measure a base 
line for tlie proposed survey of tile country. This work made slow 
progress at ns Gill had no trained assistance on which he could 
rely; but bi the end^ with, the help of Prof* Watson^ lie can-ied it 
through satisfactorily* No pcnuiinent outcome of thb work hu^ 
fiurnvcd, for the defining niurks of the ba:se line were afterwards 
destroyed by Arabs, 

It wouJ<l ^rve little piirpo^fe here to enter Into tVie details of the 
work which Gill aucceedexl in accomplishing in South Africa. Bc- 
aidea the more practical uses of an accurate survey* Gill kept ever in 
view the object of the ultimate nieasurEnient of the great ore of the 
meridian of 105* from the Xorth <.'ape to Cape Agulhas—the long¬ 
est measurable arc of the meridian in the world. Colonial and for¬ 
eign Govern mentST the Chartered Crompanv* and the scientifie socie¬ 
ties wertr all in turn pressed and persiiadeth Difficulties of funds, 
of personnel., of war* iivterjioJsed obstaeJes; but there was no reHistSng 
Gill. His indomitable persistence always won in tlie end. Worried 
ministers would iiUimutely come to terms with their genial perse¬ 
cutor. Still active in thia gi'eat cause after retirement from the 
(^a|je. he bad the satisfaction of getting the last link of the South 
African chain fiHe^l io. The great measured atr iilojig the meridian 
of *10“ E. now extends from Capo Agullias to within a short distEUce 
of I.akc Tanganyika, near the boundary of British territory, a 
length of at which point it awaits the other chain of triangula- 
tion that wilt some day be pusU&ii down from Eg>'pt- 

We have now pa^^l in reriew the most important of GLll^s scien¬ 
tific iiivestigatiom To these may Iso added some miscol la neons 
contributions, of which wc can nut here give any detail. A triongu- 
1 at ion by heUometer of the southern circumpokr stars was made 
under his direction in IS9T-10(XJ, but he w as not very satisfied with 
the consistency of the observationsL A series of meridian observa¬ 
tions of the binar crater Jlosting A, oiganketl by Idiu jointly with 
Sir WilUnm ('hriBtie at Giwnwicli, led to a g£HMl dcterminatiorv of 
tlie lunar parallax and figure of the earth. The aniingements for 
ti cnhilogue of zodincal stars were placed in his hands by the Inter- 
notjonui Astrograplnc Congress. 

In Oi-toberj Sir David Gill left the Cape. Owing to ill 

health he had anticipated by rather more than a year the date of 
compulsijry retirement. But there were no signs of failing vigor 
when he returned to England; on the contrary, he plunged into a 
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Rtr^nuoii^ life of sfiie^itific iM?tivity in fjiodon. He became presi- 
dent imd afterwanls foiieijnn secretary of the Royal Astronomicjit 
S<H-ktTi% Britbb Aife^iuiian at I^^ictsitor, and on 

the eoaticikof the Royal ntid Royal Oeogniptik-al Societi^ as prf^- 
dent il'lioiineiir of the cotniiiittee of the aslrugraphie ehart, and in 
luiirierous otlier duties he was it center of energy mid ini tint! va- For 
HPVGtal years he worked at his History imd Description of the Cuiie 
Observatory^ published in 1013* Aniul our sorrow nt his deaths 
when still in the full Wgnr of scientific activity^ there b cniia> for 
thankfnIncB£^ that he was spam] to complete and to sec tlie reception 
of this retrospect of tlic work to which he ha^l devoted his life. 

To this record of Etreniioas work in tho cause of geience must be 
added some oUiiskm to the other side of hia Ufe. There was an ideal 
backup on lid to his pnhUc life in tho quiet home^ always characteris¬ 
tically Seotch wherever he livedo In Lody Gill he found a sympa¬ 
th iy^r In all hb sacrifice and devotion to astronomy* She did not 
become an astrononierj but she sliared all his desires, and it was ever 
her care to aid him to fid fill his great railing. She w as of Scotch 
idrthj like himself^ and their home was bright with mi indescrihabk 
spirit of open-heariedness which seemed to come from bhf loved 
HighlandH* 

In December. 1D13. he was seized with double pneimioniaf and from 
the fii-st the gravity of the illness was rculiKe<b Hm magnificetit 
constitntion carried him bravely through a long fight with the dla- 
ease, but lieart failure supervenetL and on the moroing of January 
34 he died peacefully. 

There ia no need to enuraenitc the honors conferred on hUn by the 
British, French, and German Governments, and by numerous acad¬ 
emies and iiniversitiesL Official recognition was generoitbly be- 
bkiw'ctl; eien richer was the tribute of admiration and affection of 
his world-wide circle of friends* 
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Walter flolbroofe Gaskell was bom on Xovembor 1347, at ^aples^ 

W'bcre his paryiit^i were passing the winter for tbo sake of his father s 

liualtb. His futlier, .lobTf Dukin Gustell, was a barrieler, a nicniber of 
Ihc Middle Temple, wlio followed his profession fnr a few years and 
tlien retired to private life. His mother was Anne (iiisJiell, second 
cansiii of his fatlier. Gnskell as a boy lived with his ftither nt High- 
gate [ind attended Sir Roger Cholmeley's school at that place. At 
school he worked eliiefly at niatheiiiRtii'S, hut had considerable interest 
in natural history, and appears to have made iiion* lUan the usual 
schoolboy collcetions coiiueeted with that subject. 

He came up to Cnnibridgo in October, when he was not quite 
10, as a member of Trinity College. In his third year he was elect^ 
to u founcluliou Bchulurship, and pr(H«eded to the B. A. degree in 
19C0, lietng twenty-sixth wrangler in the inathematiral ti-ipos. After 
taking his degivc he studied for a me<lical career, and in the course of 
his preliminary scientific work he attended the lectures on elementary 
biology and physiology given by Michael Foster, who came to Cam¬ 
bridge ns praductor in physiology at Trinity College in 18T0. Foster 
led a considomhle nnmljer of his early pupils to a scientific career. 
He first aroused an intej-est in scientific prahlems and then, some¬ 
times gradually, sometimes suddenly, suggested that there was no 
better course in life than that of trying to solvo them. HaskeU, as 
fur as my recollection serr-es, was iiifl»en<!ed in die latter way. In 
1872 be went to University College Hospital, London, for clinical 
work. On his retui-n to Cambritlge, Foster, tn the course of n conver¬ 
sation with him, suggested he should drop his me<lical twreer for the 
time and try Lis hand at reacartli in physiology, Gaakellj I believe, 
adopted on the spot this suggestion, and instead of proceeding to 
tlie M. B, degree went to Leipzig to work under Ludwig (1871), 

Alt this time Ludwdg's lalmmlory was much the most important 
schord of physiol(«ical research in Germany or elsewhere. It at¬ 
tracted students from all parts of the world. All the work was 
planned by Ludwig, who had an almost unerring sense of the lines 
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of iiTorlc which would yield prodtiible rc^stilLn. To tUb the succ^ of 
the schwd vviis miiinJy due. Its popiiliirity was mcrensod by the 
met hod of proceiJorc adopted by Ludwig, This has been descrilwd 
by Sir T. 11:111(1017 Brunton^ w'ho was with Ludwig in l8b9-70» The 
experiments were earried oat by Ludwig with the pupil as assbtarit^ 
Ludwig wrote iho paper and tlicn puWbshed it, oeeasionallj as a con^ 
joint worlv but more usually in the mune of hts pupU. As I have 
i^eard from Gaskell, the metliod was the ^: 0 toe in hb time. The work 
given him was a continnation of that on the innervadoii of skeletal 
musole already begun in the laWtiatory^ Tlds ted him by a series of 
stepiS^ winch were pei-fectly logitMil but inipossible to foresee, from 
point to point of stdeutific inquiry up tn his theory of the origin of 
vertebrates. 

Soon after hia return to England in ISTrj, Gnskell nniirried Miss 
Catherine Sharpe Parker, u daughter of A. Parker, of the firm 

of ilcJsitrAK Sharpe, Parker & Co.* solicitnnj, by whom he had one sun. 
Dr. J. F, GaKkelL and four duugbtorSj two iif wdioni ^nu-vive him. He 
settled in Gnintchesler. about a mtie and a half from Ctlmb^idge^ and 
in the Cambridge Physiohigicnl Lnbomtory he carried further the 
investigation on the inner vat 100 of the blond vessels of striated 
muscle. He found unionist other facts, tlint s±iniulati<m of 

the nerve supplying the mylohyoid muscle of the frog caused roii' 
siderable and constant dilatation of the blood vesselst although con¬ 
traction of the muscle itself was prevented by curare. Thi^ was the 
most decisive instance known nt the time of such net ion in a purely 
mu^tudar structure. It did not, however^ settle the question of the 
occurrence of vaso-dilrttor fillers in the nerves of skeletal muscle^ the 
dbcussion of which w'lis carried on by Heldenhaiti and others* 

From the behavior of the arteries under nervous stimulation he 
passed to the inveatigntion of the behavior of the small arteries and of 
the heart with varying reaction of the blood, and* finding that u 
finiall addition of albili increased the tone of botli, and that a STnall 
addition of acid deyi-cased he suggested that, besides the nervous 
control of the circulation* there was also a chemical control in e^vh 
organ and tbsuo by the prod nets'sot free m activity, so that, for ex¬ 
am pie? the contractiuu of the iiniscle by setting free acid led to an in¬ 
creased flow of blf>Dd through it. The suggo^ion was not entirely 
neWj hut it was wider in range than any of its kind previously made 
and rested on more solid facts. This work directed his attcntipii to 
the heart, and for the next four or five years he <lcvotcd liU time to 
the questions of the innervation of the heart, and the cause of the 
heart beat AVith these ipiestions others were budly engaged, not ably 
Engelmann and Ileidcnliuiu. ^ ^ . 

Til the early seventies it wn^ iinivcraally held that the beat of the 
wua due to the iitrvi; cells [jreaeiU in it, and tLat it was iiutiwted 
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by the nprvo nf'lls of tb^ sinus vnenosiis. Then? wert veiy vtirisJ views 
lis to the method of ivorking of tlic nervous mechunism, eapccijiUv ns 
to liie piirts plriyt'd by the nerve cells of the septum of the miricle, 
nnd the nerve cells of the base of the ventricle. .;Vs it bctrtitue more 
widely recognixed tlint parts of the hem't which luul no ilisoernihle 
nerve ceils could contrart rhythmically. St was felt that the nervous 
theory did not account for the whole of the phenomena. Jloreovcr, 
.‘asine nf the phaiinacological results could not be satisfactorily cjc- 
plained on the theory as then ]iut forward. But no one had any 
more aatisfiictory explanation to olTer. 

Tlie question of the action of tiie nerve cells in the heart was part 
of the general question of tlie functions of the peripheral gtmglla. 
In 1S6W, Engclmiiim argiie^l that the peristaltic contraction of the 
ureters did not depend on nerve ccUb and that the contraction was 
conducted from one muscle cell to the ne.xt without the inten^entiori 
of nerve fibers. In l&I.'i he advocsited a similar view as regards the 
passage of contmetion from one part of the ventricle of the frog s 
heart to the rest, and ho thought this was probnldy also the case in 
the auricle. But in one important point he kept to the old theory and 
eonsiLleTed that the passage of contraction fiwni auricle to ventricle 
was brought idioiit t-y nerve cells tmJ nerve fillers. Gaskell (ISSl) at 
first adopted the current tlioory with some modifications in detoil, hnt 
in 1883 he abandoned it, ami urgiiwl that the contraction of the heart 
wns of muscular origin; it started in the sinus and fipread as a peris* 
tnltie wave to the other chambers, the delsy in the passago of the 
contraction wave from ono chainIwr of the heart to the next being due 
to a alow conduction in the modified musculnr tissue which ho found 
at the junction of the sinus venosiis with the auricle, and at the 
junction of the auricle with the ventricle. In the course of his work 
{Jasbell made a large number of original ol>scrvat.ion.s on the be- 
hnvior nf the severni parts of the heart and of the cardiac muscle. 
The term “block” Gnskell adoptcil from Koimmea's account of the 
passage of contriictiou wlives in Medusas j the phenomena had been 
partly worked out in the frog’s ventricle by Engelmtiun, hut they 
were much more completely elucidated by Gaskell s work on the lioart 
of the frog and the tortoise. It was known that the contraction of 
the vcnlriele might only occur at every second, third, or fourth beat 
of the auricle. Gaskell obtflined this efiect expcrimuntnlly by vary¬ 
ing the degree of block last ween the two chambers. After the lapse 
of years the invention of tlie string gidvanometer brought the obser* 
vation of heart block in man into the region of clinical medirine. 

The different effects prxjduced on the heart of the frog by stimu¬ 
lating the vagus nerve were investigated simultaneously by Gaskell 
and by Heidcnhuin. Gaskell ob^ved that stimulation of the vagus 
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somotimes rniiscd an inerca^ in strength of th-o bents In aiUition 
to the qnickcuing whieli limi Iteen already described by Sehm.ieJel)erg 
and others^ and which had Ijeen attributed to spcidal acoelorator nerre 
fibers. Heidenhnin found that by stiinulating the medulla oblnrignta 
at different pointSt ncoelciiiiion and aiapnentation* or slowing and 
weakening, of the heart bent could be obtained- Guskell traced in, 
the micodile and frog the origin of the accelemtor fibers to tUe simi- 
pjithetic system, aiul this waa folkjwed up by [i more complete 
anatomical investigation by Gitskell and Gndow. Tlie in nervation 
of the heart of lower vertebrates wa^ thus brought into line with that 
of the inammalp In addition, he gave u. more complete account than 
had been given by Tleidenhain of the cause of the Uitlependence of 
the slowing and the weakening of the heart beat ennsed by pun? 
vagiia fibers^ and of the fiuickening and the increase of strength 
caiiserl by mnpathctic fibers, A little later Ga^kcll show^ed that tin 
elet^trical chaiy^c can be produced in quiescent heart muscle on stimu¬ 
lation of the cardiac nerves, and that the change ]fi tUfferent accord- 
iiig fis the vagus or tlie accelerator nerve is stinml sited. 

Crnskdl'S work in this field was of the first, iniportaiice. His papers 
are a storehouse i^f observations of a fundamental nsitnre* He elnb- 
orated Ids theories and gave an Eidrnirable iiccoimt of the whole sub¬ 
ject in an lirticle on '^Thc Contraction of Cardiac llusclc*' in 
Schafers ** Textbook of Physiology,*^ pubiislted in 190(1. It miiy be 
mentioned that the rhythm of the lieurt was the Bidijcct of his 
Crqoniati lecture t^^ the Koyal Society in ISSI, and that on the ivurk 
mentioned alKive he w'as elected a fellow of the society in the follow¬ 
ing linear. 

In the course of his dissection of the accelerator nerve in mam- 
tualsj GaskeU w^as struck by the ovcnvhelmiDg prepondemuce of noti- 
Tuedullated nerve fibers in it^ aUhongh the nervous centrally of ganglia 
from which the accelerator fibers aroae were mainly medulla ted. and 
this determined him to investigate the t^lutioii of the sympathetic 
system to the spinal cord. At thU time the question of the relation 
nf the sympathetic and other peripheral ganglia to the cerebro¬ 
spinal s 3 'stom was in u state of profound coufusion, and g^meral 
Rgreemetit bad been reached on a few points imly, A great Dumber 
of facts had been descrilaed, and they covered a ivide area of de¬ 
scriptive anatomy in difTcrcPt classes of vertebrates, of histolugj- of 
nerve fibers iind nerve cells^ iinJ of physiology. Fctt oba^rA^ers cov¬ 
ered more than n small [lortion of the ground. Results wero coming 
quickly and the ground was tilled rather hastily, T\in practical dis¬ 
appearance of the theory that the ^ vegetative^ nervous system wm 
independent of the ^^oniniar* nervous system li:id led to the periph¬ 
eral ganglia l>cing less ccpnsldered as a whole than they had Ijccn 
at m earlier time, aod to special explanations being put forward for 
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the working of the several parts* Thust those writers who tried to 
give an impartial summary of the et^ite of knowledge found them- 
seh'es reduced to stjitkig a number of more or le^ contraciictory 
facts and irrcooncLlable theories. 

Gaskell did not tipproach the subject from the point of view of 
what had aJready l?ecti done or Biild* He approached it from the 
point of view suggested by his obser^'ntions on the accelerator nerves 
in the mEmimuL This method hud the disadvantage that it led 
him to leave unlnvestigated some of the chief difBculties which were 
felt at the time, but it had the advantage that it eiinbkd him to 
0[>me to ti n\]nd decision on certain ikiportsnt points. Gasket I con- 
hned his attention to the efferent ‘*viscenil” fibers Ilis most im¬ 
portant conclusions were, that all efferent visceral filiorsT whether 
in cranial or in spinal nerves, were small medulla ted hbers^ and thnt 
(hey left die cei*ebiwpinal system in three gioiips—^^the cemco- 
cranial, die thoracic^ and the sacral—the thoracic portion being what 
was cirdinarily called the eninpathetic. These conclusions reestob- 
lisbed the connection of small mednllatefl hborswith the w hole of the 
“organic’^ system dcscril:>ed by didder and Volkmun-n in 1&42* gave 
an explanation of Eeissner^ statenieist in 1B62 ihut the niiterlor rociLs 
of the thomcic nerves contained bundles of small medulla ted fibers^ 
while those of the cervical and lumbar nenes contained only a few 
such fillers scattered amongst the larger ones^ supported the view 
w hich had iieen held by some imatomiHts that the white ijimi com- 
mimicantcs constituted the sole connection lietweco the spinal cord 
and the si nipathetict and braught rU the involmitary nerves of what¬ 
ever origin into one s\i 9 tem of gagUonated nerves aa hud been recently 
c.d vocated by Dastre and Moral. In diese conclusions there was one 
weak spot. Wliilst it was definitely shown that the outflow' of visceral 
fibers from the central nervous system to the sympatiietic was enor¬ 
mously greater in the regions in which there were only w lute rami, it 
wjis not shown that no fibers passed out by the gray rami. Guskeirs 
observation of the rarity of small medullatcd fibers in the gray rami 
wa^ not in accord with earlier observationst atid he did in fact under- 
esttntnto their number. Further, physiologists of repute had de¬ 
scribed vasomotor^ pupil or heart effects as being caused by stimula¬ 
tion of the cervicft! ncri'^es, which had grny rami only. It might then 
l)e said that tlic few miflll medEillatod fibers present in the centrally 
running bnincli of the groy rami represented the few scattered small 
tucdulLated fibers of the anterior rooLs of the corres|)oading spinal 
nerves, Ttius the difference between tlie thoracic and other regioms 
of the spinal cord might be one of degree only. So far, however, as 
subsetjuent investigation has gone^ (raskeirs conclusion was eorrect^ 
and the gray ruuui raceivc do cfTcrent fibers from the spJiui! cord. 
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GHfikeirij work clarified the air. It gave anatomists and physiolo¬ 
gists n clearer view of tlie general arningement of the efferent 
nenei 3 goteriiing unstriateil muscle and ghuids* and it directed the 
Attention of physiologists to points which they had singularly neg- 
li-^ted^ It is to be noticed also that GaskelTs earlier theory thAt the 
heart beat is not due to the activity of local nerve cells has nn 
mtinuito bearing on the much-discussed questim of the automatic 
and reflex action of peripheral ganglia^ 

III the pafjer setting forth Uie conclusioiis given above, (iaskell dis* 
cussed a number of other problems of the sympathetic sysk^ni. llis 
theories werG basi'd on facts kdown at Uio tinie^ but Uib tx|>orjmonts 
to test tlieir wider application were few. Some are still Tinder 
discussion I some nrc superseded. The mrst far-reaching of the^se 
theories was on the nature of tho diffei^Jice between motor imd 
inhibitory nerve fibers In 1331 he had advocated the view tliat 
the vagus is the trophic nerve of the heart. liiwit, in 1882, had 
suggested, on the lines of llering s theory of assimihuory and dis- 
similatory processes in the body, that the euniiac inhibitory fibens 
favor assimilationi, and that the aecelemtor fibers favor dissimi¬ 
lation. Gaskell, developing his trophic theory, took a more definite 
and a wider view and urg^ that all iniiibitoiT fillers are anabolic, 
and alt motor fibers are kata boll c* 

Goskeirs microscf^pical and anatomical observations led him to 
questions of morphology. lie argued that in n typical spinal seg* 
ment a lateral root was to be distinguished in addition to the ven¬ 
tral and doneal roots. Tlic laioral root consisted of two parts, one 
arose from the lateral cuesoblust plates of Van iVijhe and supplied 
the respimtory tnuncles of Chn Heirs sj'stem^ the other formed the 
ganglionidcd nerv^ of the nsccral system. On this basis he dis¬ 
cussed the homologies of the cranial and spinal nerves, and relumed 
to this subject in a paper publhdiod n few ytwrs Juter. For his 
Work on the nervous system he was awardctl the Marshall Ilafl 
priije of the Hoyal iledical and Chiriirgical Society' in 1333, and wa^ 
elected a fellow of the society. 

In 1890 die Xiaam of Hyderabad supplied funds to a commis¬ 
sion for the investigation of the cause of death under chloroform— 
the second w-tdeh he had supported. The commission reported tbttt 
death wos due to an action of the respiratory center, and that if 
the respiration was carefully attended to it was mmeoesaary tu 
pay any uttcntlon to the pul^. Thc$?c conclusions were directly 
opposed to cojiiiiton belief based both on experimental ancl clinicol 
observ ation. One of the meinberH of the eonunission asked Guskell 
to criticisse their report. Gaskell arranged with Hr- Shore to make 
a joint experimental inquiry* Gnskcll^ and Shore, employing vari¬ 
ous methods, notably that of cross circulation from one aninm l to 
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another^ brought fortrarti evidcnw whk-li was genemllj rogtirded 
as I’OiicIusqve ihut chloroform bail a direct weakening iiction on 
the heart. Their paper, published in m% clieckeil « tendency to 
regard the respiration as the only factor to lie considered in ad¬ 
ministering eh lor of orm.. It TTtis a useful piece of work, but it 
gave Gaskell tlie only enemy he ever made. 

This investigiition was sidelmck from tlie main line of tJie 
work Ti llich Gaskell hud been pursuing for some years. Ills mor- 
phologiciil studies on the homohigies of the cranial and spinal nerves 
hjid led him to coui^ider the problem of the origin of the nervous 
^Eteni in vertebrates, and this agnin led hiin to ji theory of tite 
origin of vertebrates to which he gave nearly nil his time in Inter 
yeans. Dr. Gadow has been kind enough to writes the following 
aceoimt of tlds part of GaskeH’s resenirches: 

Oaskelfs ph^'slologlenl researrh ahviijTi hieea to a. consTderahle 
oti the morpholQi^ieal aide, iiEiil this conihlnattou of ihe sMer culmlimteH! 

In hts Inqnlry Into the orl^n o( vertebmtua, Ue was drawn to this at pivsent 
liopeli^sslfT dUneuJE probletn tietiher hy archlent nor hat hy tlie cmnplc^te 

rnUare of Turlons n^nj^ihalOiKlCELl frieniJs to account for certain strurttiri^ 
the iiDflerFtiiDdLDg of ividch wiuf iiecessarj^ for hi^s research. He therefore tletcr- 
mlDCHl to Dm! out fur aud tlius It lim? ironie to [wlbs ttait a man betwoeh 

5i> and 40 years of aat% iJ. of CamhrliSge atwl a rlryHlulogl^t ef renown, dt^ 
voted about £5 yearn of liEs life to GfiSt>ut3Rny iiiorplioloi^i,ftJ Ftiidles, more 
IhOR—In the Daturo of thln^a-^ippllca to soiue of Ids nitlier hitter sdeutlrtc 
opfMiuents. aroreovor, enterinjf the new fleTd fiuEto unblaFu?d, his erltk-nl oilnd 
eimhletl hlna^ wht'o ^tailyln^, for Jruitamxv tlit* conrprehensilve 11 *^ 3 ; ihooks 
on emhjyolosy, to discover the weak sides of that dlacIpUne, It not a 
question of pickluif out what sulteii liliu; on the mntrarj- there wa*? hardly a 
point—ho It the hotnoloidcs of the (Wtnilisal layers, tlio ocmirroaw of fsomti 
obscure feature like Kels^wier'a flbur, or Kunit* ^Silurian foKHtl, which he did not 
take of ton InDnUe ludm to esmclne Into. Fn-quently he eaiiatoi] frlcddJy help, 
ns In the ceo<e of the dlRv^rtS^'o properties of the i^inprey-s skim 

Thla Is iiPt the place to dlscass tho strotiif no^l weak points of his hypothests 
that vertehrates are di^acirnilcd from senuo ^YtiKtEtc+eaudlke anchor—^l. e., from 
HTrtrte vaj;ui’]y nHrraujtnictiihle stock of vvhjLii the palfrtiHde TrlloldEcs, Klanc 
crntkS, ami ^icorplons are the only known R-prif^ntatlTes on the Invertcbrnto sldo 
and he bridscil llw jpilf hetH'cen thoici mn\ the vertehmtos tky The SUiirliLii 
Ostracoderms, of wTitiae laterual or^ohlibation tlie iarwe of Uie [jimpreys, 1 m!^ 
fore tholr man ellous choai^-^ Into the E^n^iietit iidult ttrrtm, ttecmi'fl to aJTunl a 
clue. The gulf was ^rmt indeed, hut ht^ plannwl brld^ w^-re aut more haslly 
sketched than those which pri4onil to reiiitect tijo vortcbmtt?*i eitlier soparatt^ly 
or LxpnJointly witli AuipIdoictiLH. Tunicate?, BiilriDL)>glDS.-{il]^ etc^ with worms and 
oven wdth Echinodomks, Es|:»eelnUy the vnrl<ius w'OTO th^-orlcs he considered 
lis DO S4:hlntlon of the iiro^>kuu. since they would <Tiirry the conneclfon so far 
t^Lck as hi ulninst Into ttic be^etiniiEnj^ of the Tirctnzon, omountlJig; to no 

recoftnl^nhle orEj^ln, He on the rectniry believed that '"each hljD^hor i^^ioup of 
uhlmitts hus urhstn In successiuit from the hfgbtfflt rare ilevclopefd up to that 
time. 

Further, as the leadla^ motif of the whole course of this( siilutloD ho ills- 
ccruod the orderly sequence In the development of Uie centrul nervous system, 
ISOIS*—sit 1R15-34 
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in wliIcJi no tirKik of tontlnti^t^ oan posaEbly hnTo oonirmL Tbe lirnln nntl 
nJfoH tho runilnmenhil Llip orgnos whJpli ihoy iuoo^uUJ iuny 

fEtll Inin line In a but they dm !K>t Uio os^Eit^Eii ootnpEi— 

i?. j?,, a ni'iv gnt nniy lie fonued, a# Lu the “‘The 

iiwret of evolntloDiiry sueasis Li the {levelupmetit uf n buim^tIqp hniln.^^ 

The Immediate sturtln^ point of Invi^l^tloni m the nrlwln of 

vertiL'tortitea wad ttio recnip.il liou of I bp elo^o slmilnrlty In stmeture ueiJ function 
of the lUtTcfi^ut jniirtij ut tho t^ertrtinite bmln yplth thaiw of Arthrapuda. The 
clmmctET of the *¥'ertetnTitc central nerFoim system^ so clear to the 
pt^'^Blnlo^R^ fmil lanK before [inflated npon by most antitoiiildtai hnil [osi 
for the morpholopi^^tSv cTearTy beeaiuae the (X N* oppeora eiuLryDiilcithy nn n 
Elng:Te nit^^nentecl tube. Here then waa the next forip^l Upon Ofn!l£eiri$ 

attention. Van not the two opfiealnj^ views tie roiMr^cUeil Ly tlie «ii;^^tloD 
that the vcrtehrEite d N* S, corkalatn of two imrtK, chKely entntijrleiE. vl7n, n 
Qicntdl nervuiui syEtem on tLo btihio plnn its thnt «f the Arthrepwl!*, aliEeti la 
iHiifltile jiDiJ hoo anmtiEndeil no cpiUwUxil tuhnbr structure? 

This lil+7u e 3 LpiEUr«?(l ot Ohee the ronni-rkHhle Monner%4»ua epEthellnl juirts of the 
tube, which become fio cottfmUruottS as we descetal the vertehnite phylum^ ami 
ei'iry pxirt of this tuTM*: beiEra the eniiie newniblanre to tiitIoue pivrti! of the 
C. N. S. na tTic dorsnl FtonMch iintl Lntestloe of nn ArthropwL Ae h crownliij^ of 
Ills conception Use pineal eyea fit Into the rli^ht place of the scheoio; nnd the 
rcsemhlanccE Ikeeoiue greater nnd nutre unmerEms ou the one hntid (n Atn- 
iuoc<Etefl> iia was to bn nxiNeefcd Ln the lowest avalliEhle vortebruto. nml rm the 
other In Linmlij.^ the King cmh. In short, there was now n wort- 

Jiin hj’iHJlhesl^R, ohtnlmiil by n direct hi[gtenl iipoc^sia from tlie canaiderntlun of 
the vprlchmte nerroua system. 

After tills werkinEf o^Eplaimtion of the ttibulEir iiAtinre of the d y. S, the nest 
step was tho Inquiry Info tlie nature of the emnlal nerve^s anil therefore the 
iluulile ^aegruentitlkiii of Hie verlehrute thJily lii the licnd region. Now ho wim In 
the mhlEt of tlie most eompTex nnil abstruse prohlcjo of morpholoirVp InYolrIng 
every orEmnlc syst™. Thr? rffiiGinhlanci?i between Arthropiiils nnd I'crlohrritt'*^— 
with Uniultis nml Ammowif^ fis the rhampkihs-^i^, liiiU'CEh ntitnettiuFi nrnl In 
mnny ca¥«s perplex liiply elnse. Of t-eiirfie. the more tjaskell beCfitno uhsortwal by 
hts research, tJic tiirnre reEerahlancoj!i he saw, niony of which are In oil pmhnhlltlT 
mere ctjlncldom.'tfs, or eien ertoncona With great Intnltlon anil fneennlty ho 
connected Lhoim oud In wnuc laf ihc uvost Jmiiorfjint ciisen his nrptiatE^ntntliii! ntt 
to Unilr belnu hoinulogous Elnictnres bus remained InUiet He know tbnl If hnt 
a few are tmo bomoloRlcA his caeo woold Ik; proven. itceonllnB to all the ne- 
cepced cntiiimi of the thenry of descent, and all the ci>nlil bo waved asidn 
as lucldcnEiil convorepniefl, due to correlation a. the ik^nsILIc laws of which wo 
are now only just tKjglniiinp to KiJeculato about. Hence be felt It norossary tu 
dcfeiid. M to Bi«?Eik, blE whole extended line; ml that the yielditig of some imliit 
would mcaa n dlaaBtrous hmieh bnt hoeause of the Tack of erlreHou to feflow 
which of bis msmy ^points might prove onu of bis licst asBqtB, via, on abE$otnte 
homologae- 


cm tbu wtlu-r faitud be lelt JuHtlfiwl |a nasuminp us niost iinllteelj tHiit «pny 
■entotlvw uf tw<k fnnilaiwntnlly different phjlo rtionTd linrp r™iQn>d » very 
Diany r«on,ii|flocM. m c1d«c In ftinetlon, Btrw-tnro. and reimlre pt-sltlni. 
a* to maKu It ImpcKtHlhle to show them up ilh helerogiuii^infi. He whs nlst fully 
tlmo-liorteroJ enuifciitlan <yf hnmoloi,'le5i rersra iL[iiiloj.rtrt 
niul their upidlcAtlon to phyloe^nj tire uuiliir recomtlderntlon. tt Is a Itlitw to 
tlie eoin^mn™ nnittonilst nntl to Ui„ of nm nil the nLnro 

inlen»iLn£ eiuH; || itftowe tbnt It t« life, foMUno. ndnptntlon. nnd lnHeritimce. 
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mrhlch Rbnpe rJie niuit^rlnl ntii] thin tscln^ fTtatidpoInt of view FklU- 

tv]]y wuftfHj witl* ttl^^ tcttilH vf Uie monitaoloKlut iijt a B* hln ^enLil 

tj-poititvis etHbornte eiiaugL for ii Lliocir>^ rlKbt or wroii^.% lio lii5^ Uli^^’oi-ers^l timl 
elooiduteil ui4iiy n fctitiiro htoth la vertebrate^ nnd tuvertchinteH wbieli wlLbout 
him work would reaoiln hOI] nejjlected nnii tiDexpIjiIued. 

Uia Iseok, Tlie OrJglii of \'ertebrate«," pobltabiMl lu isjas. Im» mnile llltle ltd- 
t>f*e^Eoti. Pflrtlj'^ It In ta a fovnL esteut a roprtQt of outiwroiia prevlouii pafiem 
iind eerlofl of afKiiyH, portljr bcciiasop tostodid of lie did not preinetit hiyf 

vJewa ^mr] tLe chain of urgumentatJon la an e4kty nuiimeT. liitKtIy Uic tdea 
of our tleseont frotii mniG Crdstaceuiidlko aoeestoru ** waB so ijubvet^ilve of oJI 
tlio otijL'r rivjil lin^jtlieHea (one of whlcli If u^iiEucd to be riKlil Implies tliut 
ull the olbefii are wrouK i that tbo iuibEei^.-4ei1 reader cxpectii at leu^t u clmrly 
mimmnrlaJnp explanation wbj Ga»ku]| i-otuddered tins older bl potbefies not only 
ttumfUrleut but wrony. 

tfe did nut ehooHo thijr line. He bad too noble n ebnraetor- rbo respectIPi? 
rilnilndloD of hlE ninny frEetwH over ready to dofenii Ills owop wDIini: to pirn 
In to sound argnment^ but net to be euppresaetL "" By tbelr fruits yon almll know 
ttlEim.” 

In reviewing Gaskell’s work one can not fail to l>e struck with tlie 
wirefultifess and aoeumey of his cjbservations. Uut the bent of his 
mind luy in the direction of geriemlijiution. A fact once definitely 
ascertained was never viewed by him as an Uedated pheuomenon, it was 
used as a basis for fortnulnting some general nile. If he somellmcB 
geDenilized too bastih', It was but tbc defect of his virtue. Tbe vuluo 
of his work was widely recognized, lie was iiwarded a roya! laednl of 
tlic Koval Society in 1S30, and iit various times was the recipient of 
honors both at home and abroad. 

One or two further events of Ids life and some personal character- 
isties remain to be mentioned. In 187S lie proceeded to the de^irec of 
M. D. by tliesis, but he did not at any lime practice niudicine. Two 
or three years after this bo began a lifelong part in the advanced 
teadiing of jibysiology in the university. Flis subjects were those on 
which be Lad himself worbetl, viz, the heart, the norvoiis nicclianism 
of respiration, the sympathetic system, and, at a Inter date, the origin 
of vertebrates. In 1SS3 be was appointed university letiurer. His 
style was incisive, and iie spoke on controversial points with a half- 
suppressed enthusiasm whicli was eminently infectious. 

In tSSS he left Grantehester and took up his residence in Cam¬ 
bridge. In the following year be was elected u fellow of Trinitv Hall, 
and waa appointed pmlector In natiinii sciencs in the college, T.iving 
in a town was not to his liking, and in 18D3 he built a house (The Up¬ 
lands) on fl hilltop in Great Sbelford, opposite that on which perched 
Siiichael Foster's house. Here lie remained for the rest of hia life. 

(tsskell attended but little the congresses of scientific assneiations, 
though he did not altogether shun them. He was president of Sec¬ 
tion I of the British Association in 1800 at Li verpool, and attemieJ 
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the meetings of tho association in Canada in 18ftT, and in South 
Africa in 1M5, and took tlio opportunity of seeing a good deal of 
tboso countries. His was present also at one or two of the earlier 
triennial meetings of the International Congress of Physiologists. 

He did not take much interest in the ordinary business of the 
imiversity, hut he server] on the university council (11X17-1010), and 
if any broad question came before tbe senate he was fairly ceilain 
to be found on the Placet side. "VTlien there waa real ne^ of his 
services he did not grudge them. He served on the Eoyal Coniinis- 
sion on A’^ivisection, which was appointed in 1906, and the final re¬ 
port of which was not issued until 1912; and he was a ineni^r 
of the Mosely Commission on iCducation in America. 

Jis an undergraduate he rowetl in the lilay races, played cricket 
and racquets, and frequented tlie bathing sheds. Later on he en¬ 
joyed an occasional set of lawn tennis, but, in general, active eier- 
cise did not greatly attract him. In recreation, as, indeed, in work, 
he took dirougtiout life a somewhat leisurely course. He liked botfi 
work and play, but not to the stage of exhaustion. For some years 
he spent part of the long vacation yachting and fishing with his 
brother- His hobby was gardening. He converted n large part of 
bis 15 ncres of sloping hillside at ibbelford into a charming terraced 
garden, the early summer display of which was the occasion of an 
annual reception to Cambridge residenLs. He was always glad to 
^ive physiologists visiting Cambridge, and Iiis bluff, heaity greet¬ 
ing left no doubt of their welcome. In the evening he liked a game 
of whist or bridge, and after college feasts he was among the first 
to settle dou'u to a rubber. 

In the year preceding his deatli he was a little troubled about his 
health, but his customary course of life was liardly affected. He 
was writing a small volume on the ** Involuntary Nervous System.*’ 
and on Septemlicr 3 revised tho last sheets. Early on the following 
morning he had a cerebral hemorrhage, and died on September 7 
without recovering consciousness. 
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